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ABSTRACT
This p ro je c t  presents an in tegra ted  study of  the 
1i t h o s t ra t i g ra p h y  and sedimentology of  the Haute Normandie chalks 
(Upper Cenomanian to Santonian),  northern France. To enable a 
de ta i led  la te ra l  co r re la t io n  across the region a local 
1i t h o s t r a t i g r a p h i c  framework is  proposed in which the succession is 
div ided up in to  f i v e  basic Formations. Members and marker horizons 
are also i d e n t i f i e d .
Comprehensive f i e l d  studies and sedimentary analyses shows the 
existence of  twelve fac ies .  Facies are def ined on sediment textures,  
biogenic composi tion,  resedimented tex tu res ,  terr igenous content and 
degree o f  ea r ly  cementation. Analysis o f  spectacular  discordant 
bedding s t ruc tu res ,  prev ious ly  in te rp re ted  as accre t ionary  "banks", 
ind ica tes  tha t  they are formed from erosion and i n f i l l  o f  channels and 
scours on the sea- f loo r .  Channel and scour s t ruc tu res  usua l l y  have 
concave-up basal t runcat ion surfaces w i th  a sedimentary i n f i l l  of  
complex f in ing-upward fac ies sequences.
These s t ruc tu res  are compared w i th  erosional  furrows, scours and 
channels of  modern cont inenta l  shelves. The development o f  channels 
and scours in the Haute Normandie chalks is  a t t r i b u te d  to the 
convergence of  oceanic and t id a l  cur rents  f low ing  from the proto 
A t l a n t i c  in to  the ep icont inenta l  sea o f  northwest Europe. A 
re-examinat ion o f  shallow seismic re fe c t ion  p r o f i l e s  indicates tha t  the 
d i s t r i b u t i o n  pattern o f  channels and scours is  re la ted  to the local 
in f luence of  tec ton ic  highs w i th in  the shal lowing chalk sea. 
Evidence from g r a v i t y - f lo w  deposi ts and t u r b i d i tes  i n f i l l i n g  some 
channel s t ruc tures  may r e f l e c t  contemporaneous tec ton ic  a c t i v i t y .
Dolomit ized and dedolomit ized chalks occur in the basal horizons 
of  channel and scour s t ruc tu res .  Detai led pétrographie analysis 
supplemented w i th  isotope data suggests tha t  do lom i t iza t io n  took place 
ear ly  in the bur ia l  h is to ry ,  re s u l t in g  from a hydrolog ical  regime of  
mixed meteoric and marine ground waters.  Late diagenet ic
dedolomi t i za t ion is  also evident,  r e s u l t in g  from the r e c r y s t a l l i z a t i o n  
o f  o r ig in a l  dolomite c rys ta ls  w i th in  a near surface weathering 
envi ronment.
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1. INTRODUCTION
Coastal Haute Normandie exposes the most cont inuous sect ions o f  
the la te  Cretaceous chalks (Cenomanian to Santonian) occurr ing along 
the northwest margin o f  the Paris Basin. The most spectacular 
features o f  the Haute Normandie chalks are discordant bedding 
s t ruc tu res  or "banks" developed w i th in  a wide v a r ie t y  o f  facies  
inc lud ing  nannofossi l  mudstones, echinoderm and bryozoan wackestones 
to packstones, numerous hardgrounds, ea r ly  cemented chalk un i ts  and 
slump bedding. The occurrence w i th in  t h i s  sequence o f  la rge scale 
"bank" s t ruc tu res  composed o f  l a t e r a l l y  th in n in g / th ic k e n in g  or 
t runcated beds has been w ide ly  accepted by many workers as examples o f  
accre t ionary  chalk bioherms (e.g .  Kennedy & Juignet  1974, Hancock 
1976, Thomsen 1976, Schol le e t  al 1983). Dolomit ized and
dedolomit ized chalks are also a prominent fea tu re  o f  these anomalous 
chalk sequences. In sharp con t ras t ,  most other  Cenomanian to
Santonian sequences o f  northwest Europe d isp lay  p a ra l le l  bedded chalks 
composed o f  dominant f i n e r  grained sediments w i th  mudstone and 
wackestone tex tu res .
This thes is  concentrates mainly on some 40 km o f  coastal  sect ion 
o f  Haute Normandie between Bruneval and Veulet tes-sur-Mer  ( g . r :  
2,418-55,185 to 1,938-55,950*) but also includes some in land c l i f f  
l o c a l i t i e s  along the River  Seine between Tan ca rv i l l e  and Bacquevi l le 
(gr:  2,082-54,974 to 2,189-54,987) and at  Pointe de , la  Roque ( g . r :
2,124-54,938). The main aim o f  t h i s  study is  to descr ibe in de ta i l  
the var ied chalk sediments and to  e rec t  a fac ies  c l a s s i f i c a t i o n  to 
study in  d e ta i l  the nature and o r i g i n  o f  the chalk "banks".  To 
f a c i l i t a t e  t h i s  sed imentological  study a new 1i t h o s t r a t i g r a p h i c  scheme 
has had to be proposed f o r  the Haute Normandie chalks due to the 
inadequacy o f  previous s t r a t i g ra p h ie  d i v is io n s .  The sequence is  
there fo re  d iv ided in to  f i v e  format ions ( i . e .  Craie de Rouen Formation, 
T i l l e u l  Formation,  Sennev i l le  Formation,  P ie r re -en -Por t  Formation and 
Yport Format ion).  Members and marker beds are also descr ibed and
used to c o r re la te  the chalk sect ions throughout the Haute Normandie 
region.
The emphasis has been placed on descr ib ing fac ies  and fac ies  
sequences to  demonstrate the var ious sedimentary processes involved 
dur ing chalk depos i t ion .  Methods used in  the fac ies  study involved a 
comprehensive whole rock ana lys is  programme which included slabbing 
and po l ish ing  samples, sample d i s in te g r a t io n ,  t h in  sect ion po in t
count ing,  cathodoluminescence, S.E.M. and X-ray d i f f r a c t i o n .  Twelve 
main fac ies  are descr ibed which include the fo l low ing :
1. Nannofossi l Mudstone Facies
2. Echinoderm Wackestone and Packstone Facies
3. Bryozoan Wackestone and Packstone Facies
4. Inoceramid Wackestone Facies
5. Marly-cha lk Facies
6. Nannofossi l Chalkstone Facies
7. Echinoderm Chalkstone Facies
8. Bryozoan Chalkstone Facies
9. Inoceramid Chalkstone Facies
10. Sponge Chalkstone Facies
11. Conglomeratic Chalk Facies
12. G ra v i ty - f lo w  Chalk Facies.
Dolomit ized and dedolomit ized chalks are also descr ibed w ith 
p a r t i c u l a r  reference to  the mechanisms responsible f o r  the format ion 
o f  dolomite and dedolomite w i th in  the chalks.
The major r e s u l t  o f  t h i s  research is  tha t  the d iscordant bedding
s t ruc tu res  and "banks" are shown to  be erosional  features and some
show close s i m i l a r i t i e s  to  present day she l f -sea erosional  in te r fu r row  
r idges.  A regional  study o f  these s t ruc tu res  ca r r ied  out w i th  the
aid o f  shal low seismic p r o f i l e s  i l l u s t r a t e s  t h a t  these erosional 
scours and channels were generated by combined ocean ic - t ida l  currents  
f low ing in to  the ep icon t inen ta l  sea from the P ro to -A t la n t i c .
Scouring and channel l ing is  shown to be p a r t i c u l a r l y  pronounced over 
tec to n ic  highs and was probably enhanced by ove ra l l  regressive
shal lowing o f  the chalk sea dur ing the la te  Cretaceous.
* A l l  map references: I n s t i t u t  Géographique National  (1:25000),
Méridien de Par is.
2. STRATIGRAPHY
2 .A. APPROACH TO STRATIGRAPHY:
At an e a r ly  stage in  t h i s  p ro je c t  i t  was rea l ized  tha t  a 
successful sedimentological  analysis o f  the Haute Normandie region 
could not be undertaken w i thou t  a t i g h t  l i t h o s t r a t i g r a p h i c  framework. 
In t h i s  p ro je c t ,  f i v e  d i v is io n s  o f  format ion rank w i th in  the Haute 
Normandie region are proposed, namely: the Craie de Rouen, T i l l e u l ,  
Sennev i l le ,  P ie r re -en -Por t  and Yport  Formations.
This proposed 1i t h o s t r a t i g r a p h i c  scheme is  erected in accordance 
w i th  the formal s t ra t i g ra p h ie  nomenclature ou t l ined  by Hol land e t  al, 
(1978). In t h i s  chapter,  type l o c a l i t i e s ,  s t ra to types  and
ho ios t ra to types  ( c . f .  Hedberg 1976) are descr ibed which fo l lows  the 
general procedures es tab l ished by other  chalk s t ra t ig rap he rs  (e.g.  
Mortimore 1986a, Robinson 1986a).
The r e la t io n s h ip  between the new proposed l i t h o s t r a t i g r a p h i c  
scheme f o r  the Haute Normandie and previous t r a d i t i o n a l  
1i t h o - b i o - s t r a t i g r a p h i c  scheme is  shown in f ig u re s  1 and 2. The main 
reason f o r  rev is ing  the l i t h o s t r a t i g r a p h i c  d i v is io n s  o f  the Haute 
Normandie chalks is  to es tab l ish  a more formal c l a s s i f i c a t i o n  scheme 
in t roduc ing  new loca l  geographic names f o r  format ions,  members and 
marker beds. In t h i s  thes is ,  the names o f  coastal  towns or v i l l a g e s  
are commonly used (e.g .  T i l l e u l ,  Sennev i l le ) .  In the past,  there was 
a tendency f o r  French workers to use names w i th  ep i the ts  o f  completely 
l i t h o l o g i c a l  o r i g i n ;  f o r  example Passy's (1832) "Craie Blanche" or 
Ternet 's  (1969) "Craie sans S i lex  Supérieure" (see Fig.  1) Formations.
Another procedure used by e a r l i e r  s ta t ig raphe rs  was to  combine 
f o s s i l  zones and l i t h o l o g i c a l  format ions w i th in  the same s t ra t i g ra p h ie  
column (e.g .  Ju ignet  1974, Hebert 1875). According to Holland e t  al 
(1978) " the use o f  f o s s i l s  is  a less c lea r  area re la ted  to 
b ios t ra t ig rap hy "  and where 1i t h o s t r a t i g r a p h i c  un i ts  are def ined t h i s
should on ly  be " p a r t l y  a t  le as t  by the i d e n t i f i c a t i o n  o f  f o s s i l s " .
Foss i ls  were on ly  used a t  ce r ta in  s t ra t ig ra p h ie  le ve ls  in t h i s  p ro je c t
and conf irmed the la t e r a l  c o r re la t io n  o f  ce r ta in  marker beds across 
the region.
The o r ig i n a l  major subd iv id ion o f  the Upper Cretaceous chalks in 
the Paris Basin in to  the Craie Glauconieuse, Craie Marneuse and Craie 
Blanche (e.g .  Passy 1832) are much too s im p l i s t i c  to be used as a 
l i t h o s t r a t i g r a p h i c  framework f o r  the Haute Normandie chalks.
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Hcwever, in more de ta i led  c l a s s i f i c a t i o n s  there has been (where 
poss ib le) the re ten t ion  o f  es tab l ished names. This has been the case 
f o r  the Craie de Rouen Formation (Ju ignet  1974) though t h i s  Upper 
Cenomanian chalk sequence has not been stud ied in d e ta i l  in th is  
p ro je c t .  At the lower end o f  the hiera rchy,  o r ig i n a l  wel l  def ined, 
named marker un i ts  such as the A n t i f e r  and T i l l e u l  Hardgrounds (sensu 
Juignet  1974) and A n t i f e r  Marl (sensu Woodroof 1981) have also been 
re ta ined.  Every e f f o r t  is  made not to unnecessar i ly  add to the
l i t e r a t u r e  new 1i t h o s t r a t i g r a p h i c  names or  change the es tab l ished 
names o f  wel l  def ined l i t h o lo g ie s .
In an at tempt to reduce the amount o f  1i t h o s t r a t i g r a p h i c  terms, 
d i s t i n c t i v e  s im i l a r  un i ts  occurring in  the same sequence may be 
assigned to a simple numbering system (e.g .  Sennev i l le  Hardgrounds 1 
and 2). In add i t ion ,  major marker hor izons may be given the same
format ion name, such as the T i l l e u l  Hardgrounds which occur a t  the top 
o f  the T i l l e u l  Formation. The emphasis o f  t h i s  p ro je c t  to reducing 
the number o f  named 1i t h o s t r a t i g r a p h i c  un i ts  in  the Chalk fo l lows  the 
gu ide l ines suggested by Mortimore (1986).
In conclusion, a loca l  1i t h o s t ra t i g ra p h y  f o r  the Haute Normandie 
chalks is  proposed to provide a r e a d i l y  recognizable and workable 
s t ra t ig ra p h ie  framework. This rev is ion  is  requ ired due to the
inadequacies o f  previous l i t h o s t r a t i g r a p h i c  schemes. I t  is  hoped 
tha t  f u tu re  work in t h i s  area o f  the Par is Basin w i l l  be able to 
extend and re f i n e  the d i v is io n s  es tab l ished here, as wel l  as
co r re la t in g  to those par ts o f  the basin where t h i c k e r  and more 
complete sect ions are developed. Furthermore, one o f  the
requirements l i s t e d  by the In te rna t iona l  Sub-commission on Cretaceous 
s t ra t ig rap hy  (e.g .  Birkelund 1981, Bi rke lund e t  al 1984) is  to 
provide accurate 1 i t h o s t r a t i g r a p h i c  sect ions in standard sequences as 
a p r e re q u i s i t  to b io s t r a t i g ra p h ic  s tud ies .  The f i n a l  aim o f  t h i s  
l i t h o s t r a t i g r a p h i c  scheme is  to po r t ray ,  more s a t i s f a c t o r i l y ,  the
great  l i t h o l o g i c a l  v a r ia t io n  w i th in  t h i s  area.
2 . A . i .  General f ie ldwork  and l i t h o s t r a t i g r a p h i c  procedure:
Measured sect ions (see Appendix I )  provide the basis f o r
1i t h o s t r a t i g r a p h i c  in te r p r e ta t i o n  as wel l  as p rov id ing  sample logs f o r  
sedimentary ana lysis  (F ig .  3) .  The key to  a 1i t h o s t r a t i g r a p h i c
scheme f o r  the Haute Normandie chalks is  the successful  recogn i t ion  
and c o r re la t io n  o f  wel l  def ined marker hor izons. Certain marker
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horizons were also i d e n t i f i e d  b i o s t r a t i g r a p h i c a l 1 y . I am g ra te fu l  
f o r  Dr. A. Gale's assistance w i th  c e r ta in  f o s s i l  i d e n t i f i c a t i o n s .
F ie ld  logging procedure var ied w ide ly  throughout the Haute 
Normandie region and was l a rg e ly  dependent on the nature and 
a c c e s s ib i l i t y  o f  exposures. The Haute Normandie region is  best
described as an undulat ing plateau o f  chalk w i th  most o f  the area
occurring between 100 to  200 metres above sea le v e l .  The coas t l ine  o f
the region is  character ized by a spectacular  c l i f f  l i n e  up to 100
metres high and extends from Le Havre cont inuous ly  northeastwards 
towards Dieppe (e.g.  Plate lA,  IB ) .  In land exposures occur to the
south o f  the region along the River Seine which cuts a broad v a l le y  
bordered by several l a te r a l  d iscont inuous r i v e r  c l i f f  sect ions o f  up 
to 100 metres in height  (e .g .  Plate 1C). However, at  many
l o c a l i t i e s ,  c l i f f  exposures produce steep v e r t i c a l  c l i f f  faces which 
provide few oppo r tun i t ies  f o r  ob ta in ing  measured logged sect ions 
greater  than 10 metres high, even w i th  the use o f  a ladder.
S t ra t ig raph ie  c o r re la t i o n  is  also g re a t l y  hindered by sedimentary and 
s t ruc tu ra l  complexi ty o f  Upper Turonian to  Santonian chalks associated 
w i th  the development o f  channel-scour s t ruc tu res  (e .g .  Plates IB, 1C - 
see also Chapter 4).  The pauc i ty  o f  in land exposures, coupled w ith 
the poor ly weathered nature o f  these outcrops, provides l i t t l e  
l i t h o s t r a t i g r a p h i c  cont ro l  w i t h in  the plateau region o f  Haute 
Normandie. Only sporadic r i v e r  c l i f f s  outcropping on the north ( i . e .  
Sandouvi l le to Caudebec-en-Caux) and south ( i . e .  Pointe de la  Roque)
banks o f  the River Seine provide c o r re la ta b le  1i t h o s t r a t i g r a p h i c  
sect ions in the south o f  the region (e .g .  Fig.  9) .
S t ra t ig raph ie  i n t e r p r e t a t i o n  o f  the Haute Normandie region was 
there fo re  determined mainly from the cont inuous coastal  sect ion from 
Bruneval to Veule t tes-sur-mer  (e .g .  Fig .  3) .  In a f u r t h e r  at tempt to 
e luc ida te  the s t ra t ig ra p h y ,  a cont inuous c l i f f  p r o f i l e  o f  over 200 
photographs was taken by boat o f  the most s t r u c t u r a l l y  complex sect ion 
o f  the region between Bruneval and Fecamp. Draf ted base sections 
(see Appendix V I I )  were constructed from these photographs and f i e l d  
data incorporated from f i e l d  logs (see Appendix I )  and sketch 
sect ions.  This combined photographic and f i e l d  ana lys is  confirmed
the v a l i d i t y ,  s ig n i f i c a n c e  and exact s t r a t i g ra p h ic a l  p os i t ion  o f  many 
marker hor izons.
The s t ra t ig ra p h y  o f  the Haute Normandie chalks is  there fo re  
determined along three l i n e s  o f  evidence: 1. F ie ld  Logs. 2.
PLATE 1:
Se lec t ion  o f  chalk c l i f f  exposures in  the Haute Normandie reg ion .  
Showing approximate p o s i t i o n  o f  des igna ted fo rm at ions .  KEY: Craie de
Rouen Formation (CRFm), T i l l e u l  Formation (TFm), Sennev i l le
Formation (SFm), P ie r re -e n -P o r t  Formation (PPFm), Yport  Formation 
(YFm). Key i s  a p p l i c ab le  to  a l l  photographs.
1A Fecamp to  Sennev i l le  coas ta l  s e c t io n .  View o f  sea c l i f f
exposure look ing  sou th -sou theas t .  Scale:  approx.  he igh t  o f
c l i f f  100 metres.
IB Bruneval to  A n t i f e r  coasta l  se c t io n .  View o f  coasta l  c l i f f  
sec t ion  look ing  eas t -sou theas t .  Scale:  approx.  h e igh t  o f  c l i f f
80 metres.
1C River  Seine c l i f f  s e c t io n ,  Bacquev i l l e .  View o f  r i v e r  c l i f f  
exposure look ing  n o r th .  Scale:  approx.  he igh t  o f  c l i f f  100
metres .
fTFm l|É »«4-«q iî
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Photographie p r o f i l e s .  3. B i o s t r a t i g ra p h ic  data.  The wel l  exposed 
northeast  coastal sect ion ( i . e .  Fecamp to  Veu le t tes -su r -m er ) represents 
the most s t r u c t u r a l l y  and sed im en to log ica l ly  simple sequences o f  the 
Haute Normandie succession. I t  i s  from these sequences th a t  the most
su i tab le  major s t ra to types  are es tab l ished  ( i . e .  Sennevi l le  and
P ie r re -en -Por t  Format ions).
2 . A . Ü .  General chalk te rm ino logy :
Many l i t h o l o g i c a l  terms used in  t h i s  chapter are descr ibed in 
de ta i l  in  chapter 3 but are b r i e f l y  mentioned here w i th  reference to 
the graph ica l  log shown in  f i g u r e  4. In the f i e l d ,  the most obvious 
l i t h o l o g i c a l  fea tures  are s o f t  and hard chalks (e .g .  Fig.  4) .  
Bathurst  (1971 p. 401) made the simple d i s t i n c t i o n  between s o f t  and 
hard chalks:  " s o f t  chalk can be ground under the heel whereas hard
chalks can on ly  be broken w i th  a hammer".
Soft  chalks are widespread in  the Haute Normandie succession (see 
Chapter 3, sec t ions ;  3 .B . ,  3 .D . ,  3 .F . ,  3 .H . ,  3 . J . ,  3 .K . ,  3.M.) and
are best def ined by Bromley and Gale (1982) as being " fe e b ly  indurated
and re a d i l y  deformed under the f i n g e r  na i l  or  k n i fe  blade".  The
dominant l i t h o l o g i c a l  v a r i a t i o n  in  s o f t  chalks is  a sub t le  change in
co lour  from white  to  dark grey.  Chalks w i th  a l i g h t  to  dark grey ■ 
co lour  (e .g .  mar ly -cha lks ,  laminated chalks) conta in  increased
amounts (>5%) o f  a r g i l  1 a ceo us /s i l i d c la s t i c  mate r ia l  (see Chapter 3 .K . ) .  
Compaction o f  s o f t  chalks produces c h a r a c t e r i s t i c  "compressed burrow 
fa b r ic s "  and associated pressure s o lu t i o n  gives r i s e  to  " f l a s e r  chalk 
f a b r i c s "  ( c . f .  Garr ison & Kennedy 1977).
Hard chalks are also prominent in c e r ta in  chalk sequences in 
Haute Normandie (e .g .  F ig .  4C). B a thu rs t 's  (1971) d e f i n i t i o n  o f  hard 
chalks (see above) re fe r re d  s p e c i f i c a l l y  to e a r l y  cemented chalks 
associated w i th  hardgrounds. Jeans (1980) suggested the use o f  the 
term "chalk 1i t h i f i c a t i o n "  which def ines  the "process by which 
sediments become r i g i d  enough to  support  bor ing and encrust ing
organisms and p ro te c t  f o s s i l s  in  the sediment from being crushed by
pr imary compact ion". However, in  o ther  des c r ip t ions  o f  chalk (e .g .  
Mimran 1978), the term chalk 1i t h i f i c a t i o n  is  used to  describe la te
d iagenet ic  hardening o f  the cha lk .  Throughout t h i s  p ro je c t ,  the use
o f  the term 1i t h i f i c a t i o n  descr ibes the general hardening o f  chalk 
a r i s in g  from both e a r ly  or  l a t e  d iagenet ic  processes.
The term "nodular cha lks"  i s  w ide ly  used by chalk workers (e .g .
FIG. 4: Key to  ornamentat ion on f i e l d  logs (see also Appendix I ) .  (A)
S i l i c i f i e d ,  d o lo m i t i z e d  and dedo lom i t ized  cha lks .  (B) 
G r a v i t y - f l o w  cha lks .  (C) Hard and s o f t  chalks.
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A Thick tabulate flint band
Discontinuous tabulate flint band 
Sponge flints
Paramoudra flints
large burrow flints 
Small burrow flints
Yellow  to  orange co loured chalk
S IL IC IF IE D  CHALK
DOLOMITIZED & 
D EDOLOMITIZED CHALK
8
BOULDER CONGLOMERATE
SLUMP CHALK
with folded chalk beds,
flint bands and marly-chalk bands
G R A V ITY -FLO W  CHALKS
C
m m
H ardground  
MASSIVE CHALKSTONE
Hardground
NODULAR CHALKSTONE
Discontinuous hardground
Thin discontinuous nodular chalkstone
Nodular flaser chalk 
CONGLOMERATIC CHALK 
NODULAR CHALK 
Flaser chalk
Compressed burrows in marly-chalk
MARLY-CHALK  
Laminated chalk
HARD CHALKS
SOFT CHALKS
White chalk with whisps of marl
Thalasslnoides burrows
WHITE CHALK
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Kennedy & Ju ignet  1974, Kennedy & Garr ison 1975) and has also been 
adopted dur ing the course o f  t h i s  p ro je c t .  Nodular chalks descr ibe 
i s o la ted  nodules o f  e a r l y  cemented chalk in  a s o f t  chalk matr ix  which 
show no signs o f  exposure to  the sea f loo r  (e.g .  enc rus ta t ions ,  
g la u c o n i t i z a t io n ,  abras ion) .  Nodular chalks are d i s t i n c t  from
e l l i p s o id a l  chalk nodules which are produced from la te  cementation o f  
the cha lk ,  c lo s e ly  assoc ia ted w i th  compactional pressure s o lu t ion  
features (see Chapter 3 .C . ) .  The term "chalkstone" ( c . f .  Bromley & 
Gale 1982) i s  also used in  t h i s  study but i t s  o r ig i n a l  meaning is  
modi f ied to  inc lude two forms o f  e a r l y  cemented chalk.  These are:
1. Nodular chalkstones 2. Massive chalkstones
These d e s c r ip t i v e  names are p a r t i c u l a r l y  useful  in descr ib ing  
v a r ia t io n s  in f i e l d  c h a r a c t e r i s t i c s  o f  e a r l y  l i t h i f i e d  chalks.  
Nodular chalkstones are composed o f  i n t e r lo c k in g  c lu s te r s  o f  ea r ly
cemented chalk nodules surrounded by b io tu rba ted  s o f t  chalk (see 
Chapter 3 .C . ,  3 .E . ,  3 .G . ) .  Massive chalkstones (see Chapter 3.C.,
3 .E . ,  3 .0 . )  are s im i l a r  to  Hancock's (1975) "Hardground fac ies "  which
he descr ibes as "beds up to  several  metres t h ic k  o f  hard chalk of ten 
nodular,  topped by a submarine erosion sur face" .  However, Bromley 
and Gale (1982 p. 279) po in ted  out t h a t  a more prec ise use o f  the term 
hardground i s  to  use i t  to  descr ibe the m inera l ized  omission or 
d i s c o n t i n u i t y  sur face.  In t h i s  p r o je c t ,  the re fo re ,  the term
hardground re fe rs  to  the omission surface which commonly forms on top 
o f  nodular and massive cha lkstones. In the f i e l d ,  v e r t i c a l  and 
la t e r a l  t r a n s i t i o n s  are seen between nodular chalks,  nodular 
chalkstones and massive cha lkstones (e .g .  Chapter 3.C. - Fig .  40).
In the next chapter ( i . e .  Chapter 3) desc r ip t ions  o f  nodular chalks
have f o r  convenience, been inc luded under the general headings o f  the
var ious chalkstone fa c ie s .  Local ized erosion o f  nodular chalks and
nodular-massive chalkstones gives r i s e  to  conglomerat ic chalks
(Chapter 3 . L . ) .
In a d d i t io n ,  redepos i t ion  o f  both s o f t  and hard chalks by 
g r a v i t y - f l o w  processes (Chapter 3.M.) produces slump chalks and 
boulder-conglomerates (e .g .  F ig .  4A). D o lom i t iza t ion  and
dedo lom i t iza t ion  o f  s o f t  chalks (see Chapter 5) r e s u l t s  in  a ye l low  to 
b r ig h t  orange c o lo u ra t io n  (e .g .  Plate 3).  S i l i c i f i c a t i o n  o f  the
chalk produces a v a r i e t y  o f  f l i n t  types (e.g .  Fig.  4A) which
f re q u e n t ly  rep lace the s o f t  chalk around burrows and f o s s i l s  o f
sponges (e .g .  Chapter 3 .B . ,  3 .G. ,  3 . 1 . ) .
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F i n a l l y ,  an importan t c r i t e r i a  o f  any 1i t h o s t r a t i g r a p h i c  survey 
is  the recogn i t ion  o f  bedding which according to  Hol land e t  al (1978) 
represents " the  smal les t  l i t h o s t r a t i g r a p h i c  u n i t  recognised in formal 
c l a s s i f i c a t i o n " .  The problems o f  de f in ing  bedding w i t h in  chalk has 
been r e c e n t l y  reviewed by Mort imore (1986a p. 100) and he suggests 
tha t  the d e f i n i t i o n  o f  a bed o f  chalk should be based on "past  
d e f i n i t i o n s  o f  a bed o f  cha lk ,  marl seams, nodular chalk seams and 
courses o f  f l i n t s " .  Hancock (1975 p. 508) s ta tes  t h a t  " the commonest 
recogn i t ion  o f  bedding is  based on courses o f  f l i n t s ,  which are a 
d iagenet ic  fe a tu re ,  but  comple te ly r e l i a b l e . "  However, t rue  bedding 
is  def ined by bedding surfaces (Campbell 1967) or omission surfaces 
which are e s s e n t i a l l y  depos i t iona l  surfaces th a t  in d ic a te  laye r ing  
w i th in  the rock.  Simpson (1985) f u r t h e r  descr ibes the
c h a r a c t e r i s t i c s  o f  some t rue  bedding and d i a g e n e t i c a l l y  produced 
pseudobedding from homogenous Carboni ferous l imestone sequences. In 
t h i s  p r o je c t ,  a t rue  bed o f  chalk i s  de l im i ted  by recognized omission 
surfaces but these are o f ten  d i f f i c u l t  to  detec t  due to  the lack o f  
con t ras t  w i t h in  most chalk sequences (see Chapter 3).  Pseudobedding 
f re q u e n t l y  develops from pressure s o lu t io n  fea tures  w i t h in  many s o f t  
chalks (e .g .  Chapter 3 . K . ) .  However, in t h i s  chapter ,  the terms 
"bedding" or  "hor izons"  are used in a general sense and inc lude both 
depos i t iona l  and d iagene t ic  la y e r in g  which is  i l l u s t r a t e d  in f i g u r e  4. 
I t  i s  a lso importan t to  note th a t  the terms " s o f t  c ha lk " ,  "nodular 
cha lk " ,  "nodula r  chalkstone"  and "massive chalkstone" proved to  be 
useful  general f i e l d  terms, but were found to  be inadequate as a 
fac ies  scheme f o r  the Haute Normandie chalks.  Add i t iona l  de ta i led  
pé t rographie inspec t ion  o f  the chalk sediments was needed to  e s ta b l is h  
a basic fac ies  framework (see Chapter 3).
2.B. CRAIE DE ROUEN FORMATION:
D o l l fu s  and F o r t in  (1911, 1913) made the f i r s t  real  at tempt to
d iv ide  t h i s  succession when they es tab l ished the "Craie glauconieuse 
de Rouen, à Ammonites rothomagensis" . Pichon (1933) renamed t h i s  
u n i t  the "Cra ie  g r i s  de Rouen". F i n a l l y ,  Ju igne t  (1974) app l ied a 
more convent iona l  procedure by in t roduc ing  the new term "Craie de 
Rouen". This study fo l l o w s  the c l a s s i f i c a t i o n  es tab l ished  b> Ju ignet  
(1974) where the lower and upper boundaries o f  the "Craie de Rouen" 
Formation are def ined by two d i s t i n c t i v e  marker hardgrounds: 1. The
Rouen Hardground 1 (Lower Boundary). 2. The A n t i f e r  Hardground 1
14
(Upper Boundary). Ju ignet (1974) documented marked l a t e r a l  e a s te r l y  
th ickness v a r ia t i o n s  in the Craie de Rouen Formation" from 14 metres 
at  Cap d 'A n t i f e r  ( g . r :  2,409-55,208) and 15 metres a t  Pointe de la
Roque ( g . r : ' '  2,124-54,938) to  3 metres a t  Cap Fagnet, Fecamp ( g . r :
2.190-55,297).  In add i t ion  to  t h i s  a f u r t h e r  sec t ion  o f  13 to  14
metres was recorded in t h i s  p r o je c t ,  j u s t  nor th  o f  the River  Seine, 
south o f  Bacquev i l le  ( g . r :  2,189-54,987).  However, i t  was not w i t h in  
the scope o f  t h i s  p ro je c t  to make a de ta i le d  ana lys is  o f  the Craie de 
Rouen Formation and usua l ly  on ly  the top several metres or  so were 
measured and recorded at  the fo l l o w in g  l o c a l i t i e s :  Cap d 'A n t i f e r
( g . r :  2,409-55,208),  southwest T i l l e u l  Plage ( g . r :  2,404-55,213) ,
southwest Val leuse d 'A n t i f e r  ( g . r :  2,398-55,215),  Cap Fagnet ( g . r :
2.190-55,297),  Bacquev i l le  ( g . r :  2,189-54,987),  Po inte de la  Roque 
( g . r :  2,124-54,938) - see Figures 7, 8 and 9.
The general l i t h o l o g i c a l  c h a r a c t e r i s t i c s  o f  the Craie de Rouen 
Formation are def ined by a rhythmic r e p e t i t i o n  o f  la rge  blocky f l i n t  
bands w i t h in  beds o f  s o f t , g r e y  coloured marly -cha lks  (see Plate 2B, 
2C, Fig.  7 and Sect ion 3.K. Pla te  28). The f l i n t s  are charac te r ized  
by a l i g h t  to dark grey co lour  and granu la r  tex tu res  o f ten  inc lud ing  
small p y r i t e  nodules,  g laucon i t i zed  i n t r a c l a s t s  and occasional pockets 
o f  s o f t  m ar ly -cha lk .  F l i n t  bands conta in  s o l i t a r y  or  semitabu late 
f l i n t  forms possessing a v a r i e t y  o f  i r r e g u l a r  morphologies,  o f ten  
r e f l e c t i n g  burrow networks. The s ize ,  q u a n t i t y  and concen t ra t ion  o f  
f l i n t s  in  any one f l i n t  band can change d ra m a t i c a l l y  over a shor t  
l a t e r a l  d is tance so t h e i r  use as 1i t h o s t r a t i g r a p h i c  markers is  
1imi ted.
A prominent increase in  1i t h i f i c a t i o n  charac te r izes  the top 0.5 
to  3 metres o f  the format ion producing several hor izons o f  nodular 
chalks,  nodular-massive chalkstones and cong lomerat ic chalks (e .g .  
Fig .  7) .  Some marly -cha lk  bands are l o c a l l y  developed between these 
l i t h i f i e d  u n i t s .  The A n t i f e r  Hardground 1, d e l im i t s  the top o f  the 
Craie de Rouen Formation and provides a useful  marker hor izon which is  
described in d e ta i l  in  the f o l l o w in g  sec t ion .
2.C. TILLEUL FORMATION:
The T i l l e u l  Formation i s  the most access ib le  and e a s i l y  
d is t ingu ished  sequence w i t h in  the Haute Normandie reg ion .  The 
format ion is  named a f t e r  a we l l  exposed and l a t e r a l l y  access ib le  c l i f f  
sec t ion along T i l l e u l  Plage (F ig .  5B). The fo rmat ion  is  most e a s i l y
FIG. 5: L o c a l i t y  maps showing logs o f  the T i l l e u l  Format ion.  (A)
Fecamp to Le Ch ie f  Neuf s e c t io n .  (B) Cap d ' A n t i f e r  to 
É t r e ta t  sec t ion .  (C) R ive r  Seine sec t ions .
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reached down the c l i f f  s ta i rway o f  the small v a l l e y .  Le Fourquet ( g . r ;
2,409-55,208) s i tu a te d  between the coastal headlands o f  Cap d 'A n t i f e r  
and Pointe du Fourquet (P la te  2B). The Fourquet sec t ion  is  regarded
as the s t ra to type  and a t ta in s  a th ickness o f  17.9 metres.
The T i l l e u l  Formation i s  d iv ided  in to  fo u r  members (F ig .  6) which 
are in ascending order :  the A n t i f e r  Member, Fourquet Member, Fecamp
Member and Place Member (P la te  2).  The base o f  the T i l l e u l  Formation
is  def ined by the A n t i f e r  Hardground 1. The top o f  the format ion is  
def ined by the boundary-s tra to type o f  the T i l l e u l  Hardground 2 and the 
ove r ly ing  Sennev i l le  Formation.  The members o f  the T i l l e u l  Formation 
are genera l ly  access ib le  a t  the fo l l o w in g  l o c a l i t i e s :
1. The base o f  the c l i f f - l i n e  along the A n t i f e r - T i l l e u l  coastal
sect ion ( g . r :  2,409-55,208 to  2,395-55,219) where the
regiona l  d ip (2° N.E.) br ings the top o f  the format ion down 
to  the pebble beach leve l  j u s t  nor th  o f  the Valleuse 
d 'A n t i f e r .  Only the top few metres o f  the format ion appear 
a t  the base o f  the headlands and coves between Pointe de la  
Court ine and Porte d'Aval ( g . r s :  2,393-55,221 to
2,380-55,230).
2. Along the u p l i f t e d  coastal  sect ion east  o f  the Fecamp Fau l t
between Fecamp and Sennev i l le  ( g . r s :  2,190-55,297 to
2,145-55,310).  Here the format ion dips approximate ly 2°
N.E. and disappears completely below the base o f  the c l i f f  
j u s t  nor th  o f  Sennev i l le ,  some 300 metres southwest o f  the 
c l i f f  s ta i rway  a t  Val leuse de la  Mer.
Less accessible but complete sequences o f  the T i l l e u l  Formation 
are viewed along the r i v e r  c l i f f s  o f  the River  Seine Va l ley  (e .g .  
Plate 1C) a t  Pointe de la  Roque ( g . r :  2,124-54,938) and Bacquev i l le
( g . r :  2,189-54 ,987) .  Only the top s ix  metres o f  the format ion is
v i s i b l e  a t  the base o f  a quarry  below T a n c a rv i l l e  Br idge ( g . r :
2,082-54,974).  Between Bacquev i l le  and T a n c a rv i l l e  Bridge the
format ion dips 2° nor theas t  below the r i v e r  v a l l e y  f l o o r .
Complete exposed sect ions o f  the T i l l e u l  Formation show both 
loca l  and regiona l  th ickness v a r ia t i o n s  ranging from: 15.5 to  17.9
metres along the A n t i f e r - T i l l e u l  coastal  sect ion  (F ig .  7) ,  19.5
metres along the Fecamp to  Sennev i l le  coastal  sec t ion  (F ig .  8 ) ,  14.25
metres at  Bacquev i l le  and 7.9 metres a t  Pointe de la  Roque (F ig .  9) .
Figure 24 i l l u s t r a t e s  the general regiona l  l a t e r a l  v a r i a t i o n  o f  the
PLATE 2:
C l i f f  sect ions o f  the T i l l e u l  Formation:  ' KEY: T i l l e u l
Formation (TFm), A n t i f e r  Member (AM), Fourquet Member (FQM),
Fecamp Member (FPM), Place Member (PM), Craie de Rouen Formation
(CRFm), Sennev i l le  Formation (SFm). Key is  app l icab le  to a l l
photographs.
2A C l i f f  sec t ion ,  Bruneval Plage. View o f  c l i f f  face look ing east.
Scale: approx. he igh t  o f  c l i f f  70 metres.
2B C l i f f  sec t ion .  Le Fourquet s t a i r ,  southwest Pointe du Fourquet.
View o f  c l i f f  face look ing  east.  Scale: approx. he ight  o f
c l i f f  25 metres .
2C C l i f f  sec t ion .  Cap Fagnet, nor theas t  Fecamp. View o f  c l i f f  face
looking southeast.  Scale bar: 5 metres.
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T i l l e u l  Formation across Haute Normandie.
2 . C. i . A n t i f e r  Member.
The s t ra to type  sect ion f o r  t h i s  member i s  a t  the base o f  the 
c l i f f  sta i rway a t  Le Fourquet (F ig .  7 - g . r .  2,409-55,208) .  The
lower boundary is  def ined by the A n t i f e r  Hardground 1 and is
co inc iden t  w i th  the base o f  the T i l l e u l  Format ion.  The upper 
boundary is  the A n t i f e r  Hardground 5. The boundary-s tra to type is  at  
Le Fourquet and the member a t ta in s  a th ickness  o f  2.45 metres. At 
other l o c a l i t i e s ,  the A n t i f e r  Member shows the f o l l o w in g  v a r ia t io n s  in 
th ickness: 2.9 metres a t  Pointe de la  Roque ( g . r :  2,124-54,938),
2.65 metres a t  Bacquev i l le  ( g . r :  2 ,189-54,987) ,  2.5 metres at
southwest T i l l e u l  Plage ( g . r :  2,404-55,213),  2.3 metres a t  southwest
Valleuse d 'A n t i f e r  ( g . r :  2,398-55,215) and 1.4 metres a t  Cap Fagnet
( g . r :  2,190-55,297).
The A n t i f e r  Member is  cha rac te r ized  by a d i s t i n c t i v e  su i te  o f  
marker hardgrounds and mar ly -cha lk  bands (see below).  Chalkstones,
nodular chalks and cong lomerat ic chalks are we l l  developed and show 
good la te r a l  pers is tence along exposed sec t ions .
The A n t i f e r  Member occupies more or  less the same s t r a t i g ra p h ie  
in te rv a l  as J e f f e r i e s '  (1962, 1963) " Actinocamax plenus subzone"
( F i g . l )  which he co r re la te d  around the Ang lo -Par is  Basin (see also 
Ju ignet 1974, Kennedy & Ju igne t  1974).
The marker hor izons o f  the A n t i f e r  Member are charac ter ized by 
the fo l low ing  fea tu res :
2 . C . i . a .  A n t i f e r  Hardgrounds: Type l o c a l i t y  - Le Fourquet ( g . r :
2,409-55,208).
Hebert (1875) f i r s t  descr ibed the l i t h o l o g i c a l  c h a r a c t e r i s t i c s  o f  
these hardgrounds which occur towards the top o f  h is  "Craie 
Glauconieuse" and the base o f  h is  "Cra ie  Marneuse/Craie a Inoceramus 
1ab ia tus" Formations (see Fig .  1) .  Ju ignet  (1974) f i r s t  named these 
hardgrounds, the A n t i f e r  Hardgrounds, and devised a 
num ber ing / le t te r ing  system f o r  c o r r e la t i o n  o f  i n d iv id u a l  A n t i f e r  
Hardgrounds across the region (see also Ju igne t  & Kennedy 1976). In 
t h i s  thes is  the term, A n t i f e r  Hardgrounds, i s  re ta ined  but a modif ied 
informal num be r ing / le t te r ing  system is  proposed f o r  g rea te r  p rec is ion  
and to accomodate the add i t ion a l  logged sect ions.
At the type l o c a l i t y .  Le Fourquet (F ig .  7) f i v e  hardgrounds are
FIG. 7; L i t h o s t r a t i g r a p h y  o f  the T i l l e u l  Formation from Le Fourquet 
( g . r :  2,409-55,208) to  southwest Valleuse d ' A n t i f e r  ( g . r :
2 ,398-55,215) .
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present. A l l  f i v e  hardgrounds are t h i n l y  developed and composed o f  
d isc re te  10 to  25 cm nodular and massive chalkstone hor izons.  The 
hardground surfaces are us u a l l y  weakly g lauc on i t i z ed  and under ly ing 
chalkstone hor izons o f ten  incorpora te  a v a r i e t y  o f  d i s t i n c t i v e  
phospho-glauconi t ized i n t r a c l a s t s .  Along the A n t i f e r - T i l l e u l  coastal 
sect ion (F ig .  7 - g . r :  2,409-55,208 to  2,398-55,215) the basal
A n t i f e r  Hardground 1 passes l a t e r a l l y  in to  a nodula r/conglomerat ic  
chalk and the A n t i f e r  Hardground 2 s p l i t s  i n to  two separate th in  
hardgrounds ( i . e .  A n t i f e r  Hardgrounds 5a and 5b).
Along the Fecamp coasta l  sect ion  (F ig .  8 - g . r :  2,190-55,297).  
the f i v e  A n t i f e r  hardgrounds are d i r e c t l y  c o r re la ta b le  to the type 
l o c a l i t y  ( i . e .  Le Fourquet) .  However, the A n t i f e r  Hardground 1
displays a marked l i t h o l o g i c a l  change to  a 60-70 cm th i c k  massive 
chalkstone u n i t  w i th  a s t ro n g ly  p lanar ,  gl auconitized omission surface.
Along the River Seine Va l ley  c l i f f  sec t ions (F ig .  9) o f  
Bacquevi l le ( g . r :  2,189-54,987) and Pointe de la  Roque ( g . r :
2,124-54,938) up to s ix  A n t i f e r  Hardgrounds are developed. These 
hardgrounds possess convoluted g lauc on i t i z ed  omission surfaces a t  the 
top o f  20-50cm massive chalkstone u n i ts  in co rp o ra t ing  numerous 
g laucon i t ized  i n t r a c l a s t s .
2 . C . i . b .  A n t i f e r  M a r ls : Type l o c a l i t y :  Southwest Val leuse d 'A n t i f e r  
( g . r :  2,395-55,218).
The term A n t i f e r  Marl was f i r s t  introduced by Woodroof (1981). 
At the type l o c a l i t y ,  th ree d i s t i n c t  A n t i f e r  Marl bands are developed 
(abbreviated AMI, AM2, AM3). At  the type l o c a l i t y ,  A n t i f e r  Marls 
d isp lay  a conspicuous l i g h t  brown-grey co lou r ,  occas iona l ly  speckled 
w i th  dark green g laucon i te  granu les.  A n t i f e r  Marl bands range from 3 
to 15 cm thickness and may show considerab le  loca l  and regional  
l a te r a l  v a r i a t i o n .
To the southwest o f  the type l o c a l i t y  towards Le Fourquet ( g . r :
2,409-55,208) A n t i f e r  Marls 1 and 2 t h in  and cu t  out l o c a l l y  over
hardgrounds or nodular cha lks.  To the north o f  Fecamp at Cap Fagnet
( g . r :  2,190-55,297) on ly  A n t i f e r  Marls 1 and 2 are present.  These
marl bands range from 3 to  10 cm th ickness and d isp la y  a dark grey
co lour  w i th  l i g h t  grey cha lk nodules or  dark green g laucon i t ized
in t r a c la s t s .  Along the R iver  Seine sect ion on ly  A n t i f e r  Marl 1 is
l o c a l l y  developed at  the Bacquev i l le  l o c a l i t y  ( g . r :  2,189-54,987).
FIG. 8: L i t h o s t r a t i g r a p h y  o f  the T i l l e u l  Formation nor theast  o f
Fecamp from Cap Fagnet ( g . r :  2,190-55,297) to  Le Chein
In t r é p id e  ( g . r :  2 ,145-55 ,310) .
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( g . r :  2,082-54,974) and Pointe de la  Roque ( g . r :
2 ,124-54,938).
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2 . c . i i . Fourquet Member
The s t ra to ty p e  sect ion  f o r  the Fourquet Member is  a t  Le Fourquet 
(F ig .  7 - g . r :  2,409-55,208) where i t  i s  7.55 metres t h i c k .  The
lower boundary is  taken a t  A n t i f e r  Hardground 5, w h i l s t  the top o f  the 
member is  def ined by the Golf  Hardground 4. The Fourquet Member 
shows the fo l l o w in g  thickness  v a r ia t io n s  across the Haute Normandie 
region: 6.7 metres a t  Val leuse d 'A n t i f e r  ( g . r :  2,395-55,218) ,  7.3
metres a t  Cap Fagnet ( g . r :  2,190-55297),  7.9 metres a t  Bacquev i l le
( g . r :  2,189-54,987) and 3.55 metres at  Pointe de la  Roque ( g . r :
2.124-54,938).
The Fourquet Member is  charac ter ized by a sequence o f  nodular 
marly -cha lks ,  marly -cha lk  bands, nodular chalks and massive 
chalkstones.
The Fourquet Member covers the same s t r a t i g r a p h ie  i n te r v a l  o f
Juignets and Kennedys (1974):  "Horizon A" and "Cra ie  à Inoceramus
1ab ia tus" (F ig .  1) .
2 . C . i i . a .  Fourquet M a r ls : Type l o c a l i t y :  Southwest T i l l e u l  Plage
( g . r :  2,404-52,213).
At the type l o c a l i t y ,  the Fourquet Marls comprise o f  two
mar ly -chalk  bands ( i . e .  Fourquet Marls 1 and 2) separated by 2.2 
metres o f  nodular f l a s e r  marly -cha lks  and f l a s e r  mar ly -cha lks .  
Boltenhagen e t  al . (1967) noted one o f  the Fourquet Marls as a
pronounced weathered inden ta t ion  w i t h in  the c l i f f  face however, they
in a p p ro p r ia te ly  termed i t  a "diastheme" ( d i s c o n t i n u i t y ) .  At  the type 
l o c a l i t y ,  both Fourquet Marls are 3 to  5 cm t h i c k ,  l i g h t  to  dark w i th  
s t rong ly  developed whisping s o lu t i o n  seams.
Along the Fecamp sec t ion  a t  Cap Fagnet (F ig .  8 - g . r :
2,190-55,297) the Fourquet Marls are separated by 1.4 metres o f  
nodular marly -cha lk  and l o c a l l y  developed chalkstone.  The lower-most 
marly-chalk band ( i . e .  Fourquet Marl 1) was in fo r m a l l y  r e fe r re d  to  by 
Woodroof (1981) a t  the "Fecamp Mar l " .  The Fourquet Marls a t  Cap 
Fagnet are up to  10 cm t h i c k ,  dark grey coloured and in tense ly  
burrowed w i th  few developing s o lu t i o n  seams.
Along the River  Seine sec t ions ,  the Fourquet Marls are present at  
Bacquevi l le  ( g . r :  2,189-54,987) and Pointe de l a  Roque ( g . r :
2.124-54,938).  However, a t  these l o c a l i t i e s  the marly -cha lk  bands
are not r e a d i l y  d is t in g u is h e d  w i t h in  a sequence o f  t h i c k  nodular 
marly-cha lks  (F ig .  9 ) .  At T a n c a rv i l l e  ( g . r :  2,082-54,974) the
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Fourquet Marls are absent.
Z . C . i i . b  Golf  Hardgrounds: Type l o c a l i t y -  Plage de Gol f  ( g . r :
2,388-55,225).
Four d i s t i n c t i v e  hardgrounds, named the Go lf  Hardgrounds 
(numbered 1, 2, 3 and 4) occur a t  the type l o c a l i t y .  Each hardground 
surface o v e r l i e s  a 15-40cm chalkstone hor izon which c h a r a c t e r i s t i c a l l y  
incorpora te  g la u c o n i t i z e d ,  phosphatized and fe r ru g in i z e d  i n t r a c la s t s  
w i th  some degraded p y r i t e  nodules. Gol f  Hardground 4 is  most
prominent, d isp la y ing  a g laucon i t i zed  convoluted omission surface 
ove r ly ing  a 40 cm th i c k  chalkstone hor izon conta in ing  burrow f l i n t s .
Along the A n t i f e r - T i l l e u l  coastal  sect ion ( g . r s :  2,409-55,208 to
2,395-55,218) many Golf  Hardgrounds pass l a t e r a l l y  i n to  nodular chalks 
(F ig .  7) .  Between one and fo u r  Golf  Hardgrounds are exposed along 
the T i l l e u l - É t r e t a t  sect ion (F ig .  10) and t y p i c a l l y  d isp lay  f a i n t  
g laucon i t i zed  omission surfaces a t  the top of  5 to  15 cm th ic k  nodular 
chalkstone hor izons.
At Cap Fagnet, nor theast  o f  Fecamp (F ig .  8 - g . r :  2,190-55,297),  
a l l  f ou r  Go lf  Hardgrounds are present.  However, they are not as 
s t ron g ly  developed and d isp lay  t h in  5-15 cm chalkstone hor izons w i th  
occasional weakly g laucon i t i zed  omission surfaces.
Along the in land River  Seine c l i f f  exposures (F ig .  9) two 
prominent Golf  Hardgrounds are present.  These hardgrounds e x h i b i t  
convoluted glauco-phosphat ized omission surfaces on top o f  20 to  40 cm 
massive chalkstone hor izons which incorporate
phosphat ized /g laucon i t ized  i n t r a c l a s t s  and occasional p y r i t e  nodules.
2 . C. i i i . Fecamp Member
The s t ra to ty p e  f o r  the Fecamp Member is  Porte à la  Reine (F ig .  8
g . r :  2,177-55,294) where the member i s  8 metres t h i c k .  The base 
o f  the member is  taken a t  the Golf  Hardground 4 which is  co inc iden t  
w i th  the top o f  the Fourquet Member. The top o f  the Fecamp Member is  
taken a t  the top o f  a prominent f l i n t  band which i s  associated w i th  a 
nodular chalk or nodular chalkstone o f  the Cap Hardground 1.
Prominent l i t h o l o g i c a l  v a r ia t io n s  in the Fecamp Member are 
c lo s e ly  associated to  changes in th ickness o f  the sequence. The 
Fecamp Member along the Fecamp coastal  c l i f f  sec t ion (F ig .  8) ranges 
from 6.8 metres a t  Cap Fagnet ( g . r :  2,190-55,297) to 9.0 metres at  
Valleuse St.  Nicolas  ( g . r :  2,165-55,303).  Along t h i s  sec t ion ,  the
FIG. 10: L i t h o s t r a t i g r a p h y  o f  the upper pa r t  o f  the T i l l e u l  Formation 
along the T i l l e u l - É t r e t a t  coasta l  sec t ion  between Le Fourquet 
( g . r :  2,409-55,208) and southwest Plage d ' É t r e ta t  ( g . r :
2 ,368-55,229) .
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member is  composed o f  beds o f  wh i te  cha lk ,  m ar ly -cha lk ,  some nodular 
chalks and up to  seven prominent f l i n t  bands. Bathichnus paramoudra 
and Thaiassinoides burrows are common.
Along the A n t i f e r - L a  Manne Porte coastal  sect ion (F ig .  10 - g . r :
2.409-55,208 to  2,387-55,227) the Fecamp Member ranges from 2.7 to  4.2 
metres th ickness.  Here the member comprises wh i te  cha lk ,  nodular 
chalk and occasional nodular chalkstone hor izons. Between two and 
ten t h in  f l i n t  bands are developed.
Along the River  Seine c l i f f  sect ions (F ig .  9) the Fecamp Member 
is  reduced to  1.45 metres a t  Bacquevi l le ( g . r :  2,189-54,987) and 0.95 
metres at  Pointe de la  Roque ( g . r :  2,124-54,938).  The l i t h o l o g i e s  o f  
the member a t  these l o c a l i t i e s  are composed o f  nodular  chalks,  
nodular/massive chalkstones and t h in  marly -cha lk  hands. The most 
c h a r a c t e r i s t i c  fea tu re  o f  the River Seine sec t ions is  the absence o f  
f l i n t  bands w i t h in  the member.
The Fecamp Member corresponds to  Cayeux's (1966) "Middle Turonian 
- "Zone A" and T e rne t 's  (1969) "Craie à gros s i l e x  n o i rs "  (F ig .  1).
2 . C. iV . Place Member
The Place Member i s  named a f t e r  a small v i l l a g e .  Le Place ( g . r :
2,398-55,205) which is  located approximately 1 km southeast o f  T i l l e u l  
Plage. The type l o c a l i t y  f o r  the Place Member is  along the southwest 
sect ion o f  T i l l e u l  Plage (F ig .  7 - g . r :  2,404-55,213).  The base o f  
the member is  marked by the Cap Hardground 1 (marker ho r izon ) .  The 
top o f  the Place Member is  def ined by the T i l l e u l  Hardground 2 and is  
co inc iden t  w i th  the upper boundary o f  the T i l l e u l  Format ion.  At the 
type l o c a l i t y  the member is  3.15 metres. There is  a general th inn ing  
o f  the member from coastal  sect ions to  in land River  Seine sec t ions and 
from the nor theas t  to  southwest coastal  sec t ions (F ig .  24). Along 
the Fecamp sec t ion ,  from Cap Fagnet (F ig .  8 - g . r :  2,190-55,297) to  
Pointe du Heurt  ( g . r :  2,158-55,300) the member ranges from 26 metres 
to 4.0 metres th ickness.  A l t e r n a t i v e l y ,  between A n t i f e r  ( g . r :
2.409-55,208) and La Manne Porte ( g . r :  2,387-55,227) the th icknesses 
o f  the member ranges from 3.25 metres to  1 metre (F igs .  7 & 8).  In 
c on t ras t ,  along the River Seine sect ions (F ig .  9) the member ranges 
from 2.05 metres a t  Bacquevi l le  ( g . r :  2,189-54,987) to  less than 0.5 
metres a t  Pointe de la  Roque ( g . r :  2,124-54,938).
The Place member is  made up o f  wh i te  chalk beds, marly -cha lk  
bands and nodular/massive chalkstone u n i t s .
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Z .C . iv .a .  Cap Hardgrounds: Type l o c a l i t y -  Southwest T i l l e u l  Plage
( g . r :  2,404-55,213).
Three Cap Hardgrounds are developed at  the type l o c a l i t y  (F ig .  
7) .  The hardgrounds are character ized by convoluted i n c ip i e n t
omission surfaces occur ing on the top o f  t h i n  10-30 cm nodular
chalkstone u n i ts  con ta in ing  smal l ,  black burrow f l i n t s .  Some
omission surfaces are f a i n t l y  g laucon i t ized  w i th  g l a u c o n i t i c  and
l i m o n i t i c - s t a in e d  nodules/pebbles incorporated in  the cement m a t r ix  o f  
the chalkstone.  The Cap Hardgrounds are best formed along the
T i l l e u l  Plage sec t ion ,  though on ly  two hardgrounds are developed at  Le 
Fourquet ( g . r :  2,409-55,208) and Valleuse d ' A n t i f e r  ( g . r :
2,395-55,218).  In c o n t ra s t ,  between Pointe de l a  Court ine ( g . r :
2,393-55,221) and La Manne Porte ( g . r :  2,387-55,227) the Cap
Hardgrounds are absent. I t  i s  assumed t h a t  along t h i s  sec t ion  the 
hardgrounds have condensed in to  the th ic k  massive chalkstones and 
nodular chalks immediately beneath T i l l e u l  Hardground 1 (see Fig .  10).
Along the Fecamp coastal  sect ion (F ig .  8 - g . r s :  2,190-55,297 to 
2,158-55,300) the Cap Hardgrounds are not f u l l y  developed but are 
c o r re la te d  w i th  t h ic k  nodular chalk hor izons con ta in ing  small burrow 
f 1i n t s .
However, a t  Bacquev i l le  ( g . r :  2,189-54,987) along the in land 
River  Seine sect ion  (F ig .  9) one or two prominent Cap Hardgrounds are 
developed. Each hardground is  h igh ly  convoluted and f a i n t l y
phosphat ized and/or g laucon i t i zed .  Below the hardground surface are 
20-30 cm nodular chalkstone hor izons w i th  occasional phosphat ized and 
g laucon i t i zed  pebbles. Burrow f l i n t s  are absent.
2 . C . i v . b .  T i l l e u l  Hardgrounds: Type l o c a l i t y -  Val leuse d 'A n t i f e r
( g . r :  2,395-55,218).
Ju igne t  (1974) f i r s t  named these hardgrounds, in  ascending order.  
T i l l e u l  Hardgrounds 1 and 2. However, both hardgrounds have been 
used as l i t h o s t r a t i g r a p h i c  markers since Hebert (1863).
At the type l o c a l i t y ,  the T i l l e u l  Hardgrounds are f u l l y  developed 
w i th  t h i c k  massive chalkstone hor izons (40-70 cm th i c k )  and upper 
hummocky to  p lanar  g laucon i t i zed  omission sur faces.  The massive
chalkstone u n i ts  are charac te r ized  by narrow, stenomorphic ( c . f .  
Bromley 1967) Thaiass ino ides burrows. Both T i l l e u l  Hardgrounds are 
1i t h o l o g i c a l l y  s im i l a r ,  however along the A n t i f e r - É t r e t a t  coastal  
sect ion (F igs .  7 & 10) the v e r t i c a l  spacing between the two
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hardgrounds may vary from 1.59 metres at  Le Fourquet ( g . r :
2,409-55,208) to  0.3 metres a t  Porte d'Aval ( g . r :  2,380-55,230).
Along the Fecamp-Sennevi11e coastal  sec t ion  (F ig .  8) between Cap 
Fagnet ( g . r :  2,190-55,297) and Le Chein In t rép ide  ( g . r :  2,145-55,310) 
the T i l l e u l  Hardgrounds are weakly g laucon i t ized  and possess th inner  
10-35 cm chalkstone hor izons.
Along the northern River Seine c l i f f  (F ig .  9) exposures at
Bacquevi l le  ( g . r :  2,189-54,987) and T a n c a rv i l l e  Bridge ( g . r :
2,082-54,974) both hardgrounds are pronounced w i th  planar to hummocky 
g laucon i t ized  omission surfaces and 50-70 cm massive chalkstone un i ts .  
On the south s ide o f  the River  Seine at  Pointe de la  Roque ( g . r :
2,124-54,938) on ly  one T i l l e u l  Hardground is  developed character ized 
by a planar g laucon i t ized  omission surface and a 86-90 cm chalkstone 
hor i  zon.
2.0.  SENNEVILLE FORMATION:
The designated s t ra to type  f o r  the Sennev i l le  Formation is  a t  the 
c l i f f  s t a i r  to  the Val leuse de la  Mer ( g . r :  2,131-55,314) along the 
Sennev i l le  to  É lé to t  coastal sect ion (F ig .  I I A ) .  The type l o c a l i t y  
i s  e a s i l y  reached by a small coastal  road from the town o f  
Sennev i l1e-sur-Fecamp ( g . r :  2,138-55,303).  At the type l o c a l i t y ,  the 
format ion measures 17.75 metres th ickness: The base o f  the format ion
is  def ined by the T i l l e u l  Hardground 2 and the top o f  the format ion is
marked by the Sennev i l le  Hardground 2 (F ig .  12).
The Sennevi l le  format ion is  also exposed but on ly  p a r t l y  
accessib le a t  the fo l lo w in g  l o c a l i t i e s :
1. Base o f  the c l i f f  l i n e ,  northwest o f  the Valleuse d 'A n t i f e r  
to southwest É t re ta t  ( g . r :  2,395-55,219 to 2,368-55,229).  
See f igu res  13 , 14 and Plate 3.
2. Along the River Seine sec t ion  (F ig .  9) a t  Bacquev i l le  ( g . r :  
2,189-54,987).  Only the basal few metres o f  the format ion 
is  access ible at  T a n c a rv i l l e  ( g . r :  2,082-54,974).
Complete measured sect ions o f  the Sennev i l le  Formation reveal 
marked loca l  and regional  th ickness v a r ia t io n s  (e .g .  Figs.  9, 12, 13, 
& 14) which are c lo s e ly  associated w i th  the occurrence o f  channel and
scour s t ruc tu res  (see Chapters 3 & 4 f o r  d e t a i l s ) .  These may range 
from 6.8 to  2.9 metres along the T i l l e u l - E t r e t a t  sec t ion ,  17.75 
metres along the Fecamp-Élétot sect ion and between 6.5 and 10 metres 
a t  Bacquev i l le ,  River Seine sect ion .
FIG. 11: L o c a l i t y  maps showing logs o f  the Sennev i l le  Format ion.  (A) 
Pointe du Heurt  t o  É lé t o t  sec t ion .  (B) Cap d 'A n t i f e r  to 
E t r e ta t  sec t ion .  (C) R iver  Seine sec t ions .
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The regional  dip (approx. 2° N.E.) o f  the Sennev i l le  Formation 
exposed along the coastal sect ions is  more or  less conformable to the 
under ly ing T i l l e u l  Formation. This is  most apparent, east  o f  the
Fecamp Fau l t ,  where the u p l i f t e d  succession (e .g .  Plate lA) shows 
c le a r l y  the Sennev i l le  Formation descending the c l i f f  l i n e  and 
disappear ing below the beach leve l  a t  É lé to t  (F ig .  12). Along the 
T i l l e u l - E t r e t a t  coastal  sect ion  (F igs.  13 & 14) the development o f  
scour and channel s t ruc tu res  w i t h in  the format ion makes i t  genera l l y  
d i f f i c u l t  to  assess the reg ional  d ip .  However, the top o f  the 
format ion descends and disappears below beach leve l  southwest o f  
E t r e ta t  and does not re-appear in  the c l i f f  face along northeas t o f
E t re ta t .
The reg ional  d ip  o f  the Sennev i l le  Formation is  not wel l  def ined 
along the River Seine v a l le y  and l im i t e d  to  a few poor ly  exposed 
l a t e r a l l y  discont inuous outcrops. At Bacquev i l le ,  v isual
determinat ions suggest a general nor theast  dip  (2° N.E.) o f  the 
Sennev i l le  Formation which also d isp lays  numerous bedding 
d i s c o n t i n u i t i e s  in  the form o f  channel and scour s t ruc tu res .  At 
T a n c a rv i l l e ,  the Sennev i l le  appears to  be unconformal ly deposited on
the under ly ing T i l l e u l  Formation.  Here the Sennev i l le  Formation is
composed o f  an expanded sequence o f  ho r izon ta l  bedding w i th  no
development o f  channel or  scour fea tures  (F ig .  9) .  In c on t ras t ,  the 
condensed under ly ing T i l l e u l  Formation dips below the quarry  f l o o r  
(see 1ast s e c t i o n ) .
The Sennev i l le  Formation i s  not d iv ided  up in to  Members f o r  the 
fo l low ing  reasons:
1. Extreme l i t h o l o g i c a l  v a r i a t i o n  o f  the format ion across the
; Haute Normandie region.
2. Poor development o f  marker hor izons.
Along the Sennev i l l e - É lé t o t  sect ion (F ig .  12 - g . r :  2,190-55,297 
to 2,100-55,326) the Sennev i l le  Formation is  composed o f  marly-cha lks,  
nodular chalks,  nodular and massive cha lkstones. Terne t 's  (1969) 
work on the same coastal  sec t ion  re fe rs  to the approximate equ iva len t  
o f  t h i s  Formation as the "Craie Sans S i lex  Supér ieure" (Fig 1). 
However, t h i s  would appear to be an inapprop r ia te  name as several 
burrow f l i n t  bands were logged and co r re la ted  along sect ion by the 
present author (see Fig .  12). Along the same sec t ion ,  Woodroof 
(1981) recognised f i v e  marly -cha lk  bands which he named the Sennevi l le 
Marls.  In the course o f  t h i s  p ro je c t ,  th ree add i t iona l  Sennevi l le
PLATE 3
3A C l i f f  sec t ion  showing S e nnev i l l e  Formation w i t h i n  f i r s t  headland, 
nor theast  o f  Val leuse d ' A n t i f e r .  Boulder-conglomerate (BC), 
dedo lomi t i c  chalk (orange c o l o u r ) .  T i l l e u l  Formation (TFm), 
Sennev i l le  Formation (SFm), P ie r re -e n -P o r t  Formation (PPFm), 
Sennev i l le  Hardgrounds (SH), T i l l e u l  Hardgrounds (TH), É lé to t  
Hardground (EH).
3B C l i f f  sec t ion  showing S e nnev i l l e  Formation on southwest s ide o f  
Porte d 'A va l .  Sennev i l le  Formation (SFm), P ie r re -e n -P o r t  
Formation (PPFm), Sennev i l l e  Hardgrounds 1 and 2 (SHI & SH2), 
T i l l e u l  Hardground 2 (TH2). Note; Dedolomit ized l i t h o l o g i e s
(orange co lour )  d is p la y  good i ro n  s ta in in g  (see also Chapter 5).  
Scale: Hammer handle (30 cm le n g th ) .
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FIG. 13; Li t h o s t r a t i g r a p h i c  co r reVa t ioh  "o’f ’ mâfkèr*hor izons TTortheast 
T i l l e u l  Plage showing l a t e r a l  t h in n in g  o f  Sennev i l le  
Formation assoc ia ted w i th  channel s t ru c tu re s .
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Marls were logged and in fo rm a l l y  numbered 1 to  8 in ascending order. 
Al though the name Sennev i l le  Marls is  re ta ined,  the numbering o f  these 
marly -cha lk  bands in v e r t i c a l  order in t h i s  p ro je c t  does not 
complete ly correspond to Woodroof's (1981) o r ig i n a l  numbering scheme. 
However, the Sennevi l le  Marls are not def ined as marker beds as none 
can be c o r re la ted  to  other  l o c a l i t i e s  w i th in  the Haute Normandie 
reg ion.  More rec e n t ly ,  Mortimore and Pomerol (1987) impl ied  th a t  
l a t e r a l  equ iva len ts  o f  the Sennevi l le  Marls occur in  the South Downs 
Chalk o f  southern England.
Along the T i l l e u l - E t r e t a t  coastal sec t ion  between Val leuse 
d 'A n t i f e r  ( g . r :  2,395-55,218) and southwest E t re ta t  ( g . r :
2,368-55,229) the Sennevi l le  Formation ranges from 2.9 to 6.8 metres 
th ickness charac ter ized by considerable l i t h o l o g i c a l  v a r ia t io n  
in f luenced by channel and scour development (F igs.  13 & 14, Plate 3).  
The format ion is  mainly composed o f  nodular cha lks ,  nodular
chalkstones and massive chalkstones. Conglomerat ic chalks,
boulder-conglomerates (e.g .  Fig.  13) and slumped chalks are also
lo c a l l y  developed. Do lom i t iza t ion  and/or dedo lom i t iza t ion  o f  s o f t  
wh i te  chalk ma tr ix  i s  also common. Interchannel  areas produce the 
t h i c k e s t  sequences o f  the format ion (e .g .  Fig .  13) character ized by 
t h ic k  s o f t  wh i te  chalk beds w i th  numerous sponge f l i n t s  passing up 
in to  nodular cha lk ,  nodular-massive chalkstone and do lom i t ic  chalk
hor i  zons.
L i th o lo g ic a l  c h a r a c te r i s t i c s  o f  the Sennev i l le  Formation along 
the T i l l e u l - E t r e t a t  coastal  sect ion compare c lo s e ly  to  the in land 
River  Seine sect ion (e.g .  Plate 1C) a t  Bacquev i l le  (F ig .  9 - g . r :
2,189-54,987).  Here the format ion i s  composed o f  s o f t  whi te chalks,  
nodular cha lks,  nodular and massive chalkstones w i th  some 
do lom it ized /dedo lom i t ized  chalk hor izons. F l i n t  bands inc lude sponge 
f l i n t s ,  burrow f l i n t s  and t h in  tabu la te  f l i n t s .  At T a n c a rv i l l e  ( g . r :  
2,082-54,974) and Pointe de la  Roque ( g . r :  2,124-54,938) the lack o f  
v e r t i c a l  a c c e s s i b i l i t y  and poor l i t h o l o g i c a l  exposure have prevented 
measuring and de ta i le d  ana lys is  o f  the fo rmat ion .  However, at  
T a n c a rv i l l e ,  the format ion is  devoid o f  channel and scour s t ruc tu res  
and i s  charac ter ized by th ic k  s o f t  wh i te  chalk bedding w i th  numerous 
burrow f l i n t  bands. Visual examinat ion o f  the c l i f f  face suggests 
t h a t  the format ion is  expanded to in excess o f  20 metres th ickness.
! !
FIG. 14: L i t h o s t r a t i g r a p h i c  c o r r e la t i o n  o f  marker hor izons between 
southwest E t r e ta t  ( g . r :  2,368-55,229) to  Val leuse de Jambourg 
( g . r :  2 ,383-55,227).
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Z .D . i . a .  Sennev i l le  Hardgrounds: Type l o c a l i t y -  Val leuse de la  Mer
( g . r :  2,131-55,314).
Along the S e n n e v i l l e - l l e t o t  sec t ion  (F ig .  12) the Sennev i l le
Hardgrounds have y ie ld e d  we l l  preserved f o s s i l s  (e .g .  ammonites and 
echinoderms) and have been f a v o u r i t e  hor izons f o r  c o l l e c t i n g  since the 
days o f  Hebert (1875). More re c e n t ly  and p r i o r  to the f ie ldwo rk  f o r  
t h i s  p ro je c t ,  the hardgrounds have been in fo rm a l l y  re fe r re d  to  as the 
" É lé to t  Hardgrounds" (Mortimore & Pomerol 1987) but t h i s  term has not 
been taken up by the present author.  At the type l o c a l i t y  (F ig .  12) 
two prominent Sennev i l le  Hardgrounds are character ized by convoluted 
phosphat ized/g laucon i t ized  surfaces above 40-42 cm th ic k  massive
chalkstone u n i t s .  Sennev i l le  Hardground 2 i s  def ined by a strong
so f t  marly -cha lk  and con ta in ing  both phosphat ized and g laucon i t ized  
in t r a c la s t s .  Foss i ls  from Sennev i l le  Hardground 2 include
Sternotax is  pi anus, [ p i a s t e r  m i c h e l i n i , G ib b i t h y r i s , Lawesicerus 
mantel 1i and Didymoceras saxonicum.
Along the T i l l e u l - É t r e t a t  coastal sec t ion  (F igs .  13 & 14) the
Sennevi l le Hardgrounds d is p la y  marked la t e r a l  v a r ia t i o n  w i th in  a
v a r ie t y  o f  channel-scour s t ruc tu res  and in terchannel  regions (e .g .  
Plate 3).  Between southwest É t re ta t  (F ig .  14 - g . r :  2,368-55,229)
and Val leuse de Jambourg ( g . r :  2,383-55,227) the Sennevi l le
Hardgrounds are we l l  developed d isp lay ing  prominent convoluted 
omission surfaces and 30-35 massive-nodular chalkstone u n i t s .  At La 
Manne Porte ( g . r :  2,387-55,227) the Sennev i l le  Hardgrounds fade
l a t e r a l l y  i n to  s o f t  wh i te  chalks and nodular cha lks.  Between Pointe 
de la  Court ine ( g . r :  2,393-55,221) and Val leuse d 'A n t i f e r  ( g . r :
2,395-55,219) the Sennev i l le  Hardgrounds cons is t  o f  two or more
hardgrounds (F ig .  13). Occas iona l l y ,  the hardgrounds are t runcated
and broken up in to  boulder-conglomerates.
Along the Seine River sec t ion  a t  Bacquevi l le  ( g . r :  2,189-54,987)
two Sennev i l le  Hardgrounds are formed on the western margin o f  a
channel s t ru c tu re  (F ig .  9 ) .  Both hardgrounds are character ized by 
weak g laucon i t i zed  convoluted omission surfaces and 30 to  40 cm 
nodular chalkstone u n i t s .  Thaiassinoides burrows passing through the 
chalkstones may possess dedolomi t ized chalk i n f i l l s .
2.E. PIERRE-EN-PORT FORMATION
The P ie r re -en -P o r t  Formation is  the la rge s t  and most extensive 
format ion w i t h in  the Haute Normandie region. Measured sect ions o f
■■•li.:
FIG. 15: L o c a l i t y  maps showing logs w i t h i n  the P ie r re -e n -P o r t  
Format ion.  (A) Sennev i l le  t o  Veu le t tes -su r -m er  sec t ion .
(B) E t r e t a t  to  Fecamp sec t ion .  (C) Va l leuse d ' A n t i f e r  to  
Porte d'Amont sec t ion .
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the format ion are r e s t r i c t e d  to coastal exposures due to  the lack o f  
s u i ta b le  in land l o c a l i t i e s  (F ig .  15). The most cont inuous outcrop o f  
the fo rmat ion  occurs between Val leuse de la  Mer ( g . r :  2,131-55,314) 
and southwest Veule t tes ( g . r :  1,962-55,385) passing nor theast o f  the 
coastal  town o f  St.  P ie r re -en -P or t  ( g . r :  2,050-55,342) - from which 
the name o f  the format ion is  der ived. The next major accessible 
coastal sec t ion  o f  the P ier re -en-Porte  Formation occurs between 
nor theast  E t r e ta t  ( g . r :  2,370-55,234) and Yport ( g . r :  2,566-55,268).  
Along t h i s  c l i f f  sect ion the format ion displays l a te r a l  d i s c o n t in u i t y  
a r i s i n g  from condensat ion and t runca t ion  o f  sequences adjacent to 
la rge -sca le  channel s t ruc tu res .  Despite t h i s ,  the format ion can be 
traced along the fo l l o w in g  three main coastal  sect ions:
1. Southwest Roche aux Anglais ( g . r :  2,281-55,263) to  V a t te to t  
sur-Mer ( g . r :  2,283-55,262).
2. Northeast Fonds d 'E t igue ( g . r :  2,293-55,258) to  Le Haie
d 'E t igue  ( g . r :  2,303-55,253).
3. Northeast Valleuse du Curé ( g . r :  2,316-55,249) to northeast
E t r e ta t  Plage ( g . r :  2,368-55,236).
A composite s t ra to type  w i th  fou r  component sect ions is  proposed 
f o r  the P ie r re -en -P o r t  Formation. In ascending order ,  these
component sect ions outcrop a t  beach leve l  a t  the fo l low ing  l o c a l i t i e s  
(F ig .  15): É lé to t  ( g . r :  2,112-55,320),  La Corde ( g . r :  2,077-55,335),  
Bout du Nord ( g . r :  2,046-55,348) and Benouvi l le ( g . r :  2,333-55,244).
The P ie r re -en -P o r t  Formation is  div ided in to  three members, which 
are in  ascending order:  the É lé to t  Member, the Dal les Member and the
Benouv i l le  Member (F ig .  16). The base o f  the format ion is  def ined by 
the Sennev i l le  Hardground 2. The top o f  the format ion is  co inc iden t  
w i th  the base o f  the Yport  Formation and def ined by the Amont
Hardground. The composite th ickness o f  the format ion is  90.7 metres 
but t h i s  r e f l e c t s  a minimum th ickness on ly ,  due to the incomplete
measured sec t ions o f  the Bénouvi l lé  Member (see Section 2 . E . i i i . ) .
The regiona l  apparent dip  o f  the P ie r re -en -Por t  Formation shows a 
c h a r a c t e r i s t i c  t rend along the Haute Normandie coastal  sect ions.  The 
mcst prominent regional  d ip (apparent dip :  1-2° N.E.) occurs in the
u p l i f t e d  succession northeas t o f  the Fecamp Fau l t ,  where the format ion 
p rog ress ive ly  disappears below beach leve l  southwest o f  Veule t tes.  
However, to the south o f  the Fecamp Fau l t  the overa l l  regional  dip o f  
the P ie r re -e n -P o r t  Formation i s  d i f f i c u l t  to assess because o f  the 
discont inuous nature o f  outcrops and l o c a l l y  anomalous bedded
I f  " I ' b
FIG. 16: Members and marker beds 1n the P ie r re -e n -P o r t  Format ion.
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sequences a r i s i n g  from pronounced channel-scour development. Despite 
t h i s ,  d e ta i le d  mapping in fe rs  a 2° N.E. dip  f o r  the format ion along 
the T i l l e u l - E t r e t a t  coas t l ine  between Cap d 'A n t i f e r  and Porte d'Amont 
( g . r :  2,409-55,208 to  2,367-55,239).  Rapid condensation o f  the
P ie r re -en -P o r t  Formation is  most apparent along E t r e ta t  Plage due to 
the development o f  channel or  scour s t ruc tu res  (e .g .  Plate 48). 
Between Banc à Cuves Tunnel ( g . r :  2,360-55,239) and Benouvi l le  ( g . r :  
2,333-55,244) the format ion d isp lays more or less hor izon ta l  s t ra ta  
(e .g .  Plates 4C). However, northeastwards from Benouv i l le  to
southwest Pointe du Chicard (g . r s :  2,333-55,244 to 2,260-55,268) there 
is  a rap id  change in apparent dip to 4-6° N.E. accompanied w i th  
condensat ion and complete disappearance o f  the format ion below beach 
leve l  (P la tes  4C & 4D). The overa l l  o r ie n ta t i o n  o f  the
P ie r re -en -P o r t  Formation between Benouvi l le  and Yport  the re fo re ,  
r e f l e c t s  a broad a n t i c l i n a l  s t ruc tu re  character ized by a steep dipping 
nor thern l imb.  This a n t i c l i n e  s t ruc tu re  is  f u r t h e r  discussed in
d e ta i l  in  Chapter 4.
U n fo r tuna te ly ,  the lack o f  su i tab le  access po in ts  to  the steep 
c l i f f  face (e .g .  c l i f f  s ta i rways,  rock stacks) between E t re ta t  and 
Yport  has prevented a de ta i led  logged sect ion from being c a r r ie d  out 
along t h i s  s t re t c h  o f  c o a s t l in e .
2 . E . i .  É lé to t  Member
The s t ra to ty p e  f o r  the É lé to t  Member is  located a t  the top o f  the 
c l i f f  s t a i r  a t  Val leuse Aussan ( g . r :  2,116-55,319) where the member is  
15.5 metres t h i c k .  The lower boundary to the member is  taken a t  the 
Sennev i l le  Hardground 2 w h i l s t  the top boundary is  represented by the 
É lé to t  Hardground.
Along the Sennev i l le  - St .  P ie r re -en -Por t  coastal sect ion ( i . e .  
g . r :  2,131-55,314 to 2,057-55,343) marked l i t h o l o g i c a l  v a r ia t io n s  in
the member are associated w i th  l a te r a l  th ickness changes in  the 
sequence (F ig .  17). This is  shown by l a te r a l  t r a n s i t i o n s  from s o f t  
wh i te  bedded chalk i n to  nodular chalk,  nodular chalkstone and massive 
chalkstone hor izons . Prominent burrow f l i n t ,  semi- tabu la te f l i n t  
and some mar ly -cha lk  bands can also be traced along sect ion (F ig .  17). 
Ternet (1969) recorded the upper t h in  semi- tabu la te f l i n t  band (e.g.  
ST2) r e f e r r i n g  to  i t  as a "ruban de s i l e x "  occurring some 13 metres 
above the base o f  h is "Craie à Echininids e t  Inocerames" Formation. 
To the nor theas t  o f  the type l o c a l i t y  a t  Val leuse Aussan (F ig .  17) the
PLATE 4:
Se lec t ion  o f  coastal  c l i f f  exposures o f  va r ious members o f  the 
P ie r re -en -P o r t  Formation.  KEY: Sennev i l le  Formation (SFm),
P ie r re -en -P o r t  Formation (PPFm), Ypor t  Formation (YFm), É l é t o t  Member 
(EM), Dal les Member (DM), Benouv i l le  Member (BM). Key i s  app l icab le  
to  a l l  photographs.
4A C l i f f  sec t ion ,  southwest E t r e ta t  Plage. View o f  c l i f f  face
look ing south.  Scale:  opprox.  he igh t  o f  c l i f f  35 metres.
4B C l i f f  sec t ion  along Porte d'Amont. View o f  c l i f f  face look ing  
nor theast .  Note: Channel and scour s t ru c tu re s  we l l  developed in
the P ie r re -e n -P o r t  Format ion.  Scale: approx.  he igh t  o f  c l i f f  45 
metres.
4C C l i f f  s ec t ion ,  southwest Le Bout de la  V i l l e .  View o f  c l i f f  face
look ing south.  Scale:  approx.  he igh t  o f  c l i f f  75 metres.
4D C l i f f  s ec t ion ,  southwest Po in te  du Chicard.  View o f  c l i f f  face
look ing south-southeast  through the V a l l e t t e .  Note: Diagonal 
t r un c a t iona l  sur face a t  top o f  the P ie r re -e n -P o r t  Formation 
c u t t i n g  out the Benouv i l le  Member ( r i g h t  to  l e f t ) .  Scale:  approx. 
he ight o f  c l i f f  75 metres.
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FIG. 17: L i t h o s t r a t i g r a p h y  o f  the É lé t o t  Member, P ie r re -e n -P o r t  
Format ion,  along the Sennev i l le  - St .  P ie r re -en -P o r t  coasta l  
sect ion  between Val leuse de la  Mer ( g . r :  2,131-55,314) and Le 
Haut Mauvart ( g . r :  2 ,057-55 ,343) .
43
E lé to t Hardground
ÛC
O
ÛC
0
Q .
1
Z
111
I
LU
ÛC
ÛC
LU
LU
>
LU <  
Z  2  
Z  ÛC 
LU O  
CO Ll
m
La Corde
(LOG F10)
S'
Valleuse Aussan
=4
La Mare é Vigneaux 
(LOG F9)
(LOG F7)
(LOG F8)
S 3 
Valleuse de la 
(LOG F8)
Le Haut Mauvart
(LOG F12)
PsS i
Grand Valleuse Mari
SCALE: METRES
Senneville Hardground 2 
Senneville Hardground 1
44
member th ickens to approximately 20 metres between É lé to t  ( g . r :  
2,100-55,325) and La Corde ( g . r :  2,077-55,335) but the upper h a l f  o f  
the member appears to t h in  towards Le Haut Mauvart ( g . r :
2,057-55,343).
Along the T i l l e u l - É t re ta t  coastal sect ion outcrops o f  the É lé to t  
Member (F ig .  18) show marked la te ra l  thickness v a r ia t io n s  from 0.5 to 
10 metres.  Close ly  associated l i t h o l o g i c a l  changes r e f l e c t  the 
abundant loca l  development o f  large and small scale channel and scour 
s t ruc tu res  (see also Chapter 4).  The member is  also character ized by 
t h i c k ,  massive s o f t  wh i te chalk beds w i th  sponge and burrow f l i n t s
w i th  occasional paramoudra f l i n t s .  These beds pass l a t e r a l l y  and
v e r t i c a l l y  i n to  nodular chalks,  nodular-massive chalkstones and 
conglomerat ic cha lks .  Interbeds o f  do lomit ized /dedo lomi t i zed cha lk,  
marly -cha lk  bands, slump chalks and boulder-conglomerates occur 
l o c a l l y ,  o f ten  associated w i th  the margins o f  channels (F ig .  18).
The É lé to t  Member descends below the base o f  the wave cut  
p la t fo rm  j u s t  southwest o f  Porte d'Amont ( g . r :  2,367-55,239).  The 
upper pa r t  o f  the member reappears in the core o f  the a n t i c l i n e
between La Pucel le ( g . r :  2,271-55,266) and Pointe du Chicard ( g . r :
2,260-55,268).
2 . E . i . a .  Grand Valleuse M ar l : Type l o c a l i t y -  É lé to t  ( g . r :
2,112-55,320)
At the type l o c a l i t y ,  the Grand Valleuse Marl forms a prominent 
8-10 cm mar ly -cha lk  band interbedded wi th  massive s o f t  wh i te chalk 
hor izons. The marly-chalk  band has sharply  def ined lower and upper 
margins and a dark grey laminated f a b r i c .  To the southwest o f  the 
type l o c a l i t y ,  the Grand Valleuse Marl th ins  and cuts out over a 
developing nodular chalkstone hor izon (e .g.  Fig.  17). I t  is
the re fo re  not preserved in e i t h e r  the Val leuse Aussan ( g . r :  
2,116-55,319) or  Val leuse de la  Mer ( g . r :  2,131-55,314) l o c a l i t i e s .
Along the T i l l e u l - É t re ta t  coastal sect ion (F ig .  18) w i th in  the 
channel-scour complex the Grand Valleuse Marl may be s p l i t  up in to  
several t h i n ,  2-4 cm, marly-cha lk bands. Each marly -cha lk  band is  
c h a r a c t e r i s t i c a l l y  cut  out along sect ion and usua l ly  occur w i th in  
sequences composing interchannel  or scour regions but may i n f i l l  small 
scour s t ru c tu re s .  Here, the marly-chalk bands are character ized by 
th in  whisping s o lu t i o n  laminat ions and of ten contain chalk nodules or 
i n t r a c l a s t s .
FIG. 18: C o r re la t ion  o f  marker hor izons  southwest o f  Pointe de la  
Court ine along T i l l e u l  Plage.
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2 . E . i . b .  É lé to t  Hardground: Type l o c a l i t y -  Le Haut Mauvart ( g . r :
2.057-55,343)
This is  a wel l  developed convoluted hardground ove r ly ing  a 
prominent 40 to  50 cm massive chalkstone u n i t .  This massive 
chalkstone u n i t  preserves many complete echinoid t e s ts ,  in p a r t i c u l a r  
M ic ras te r  normanniae (E. Buca i l le  1881). At the type l o c a l i t y ,  the 
hardground is  ove r la in  by a nodular chalkstone, however, to the south 
a t  Valleuse Aussan ( g . r :  2,116-55,319) i t  is  l o c a l l y  ove r la in  by a
semitabulate f l i n t  (F ig .  17).
Along the T i l l e u l - É t r e t a t  coas t l ine ,  the È lé to t  Hardground is 
most acccessible between nor theast  Val leuse d 'A n t i f e r  ( g . r :
2,395-55,219) and southwest Pointe de la  Court ine ( g . r :  2,393-55,221) 
where i t  forms w i th in  several prominent channel s t ruc tu res  (F igs.  13, 
18, Plate 3A). The hardground is  character ized by a hummocky surface 
ove r ly ing  a 20-45 cm massive chalkstone u n i t  inco rpo ra t ing  fragments 
o f  M ic ras te r  normanniae and in t r a c la s t s .
Between La Pucel le ( g . r :  2,221-55,266) and Pointe du Chichard
( g . r :  2,260-55,268) the hardground occurs as a 20-40 cm massive or
nodular chalkstone at  the base o f  the c l i f f .
2 . E. i i . Dal les member
A compos i te -s t ra to type sect ion w i th  three component logs is  
proposed f o r  t h i s  member. In ascending order ,  these component
sect ions are: Le Bout du Nord ( g . r :  2,046-55,348),  southwest Pe t i tes
Dalles ( g . r :  2,021-55,358) and northeast Pe t i tes  Dal les ( g . r :
1,998-55,372).  The É lé to t  Hardground def ines the base o f  the member 
(F ig .  19) w h i l s t  the P e t i te  Dal les Marl marks the top o f  the member 
(F ig.  20). The composite th ickness o f  the member is  33.3 metres.
Along the St. P ie r re -en -Por t  to  Veulet tes coastal  sect ion ( g . r :
2.057-55,343 to  1,962-55,385) the upper pa r t  o f  the member shows a 
gradual th inn ing  towards the nor theast accompanied by the development 
o f  nodular and massive chalkstone horizons (F ig .  20). The re s t  o f  
the member comprises o f  massive s o f t  whi te chalk un i ts  w i th  th in  
nodular chalks and nodular chalkstones. Conglomeratic chalks and 
do lom i t ic  chalks are l o c a l l y  associated w i th  shal low, scour features 
occurr ing w i t h in  the lower pa r t  o f  the member (F ig .  19). Only two 
th in  marly^chalk bands are developed w i th in  the sequence.
Along the Vaucottes to  Yport coastal  sec t ion ,  the member is  
exposed at  the base o f  the c l i f f  w i th in  the core region o f  the
FIG. 19: L i t h o s t r a t i g r a p h y  o f  the lower Da l les  Member, P ie r re -e n -P o r t  
Format ion,  along the St.  P ie r re -e n -P o r t  - P e t i te s  Dal les 
c o a s t l i n e  between Le Haut Mauvart  ( g . r :  2,057-55,343) and 
southwest P e t i te s  Da l les  ( g . r :  2 ,022-55 ,358).
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a n t i c l i n e  between Pointe du Chichard ( g . r :  2,260-55,268) and
southwest Roche aux Anglais ( g . r :  2,283-55,262).  Within th is
sect ion ,  the lower and upper boundaries o f  the member var ies 
cons iderab ly  in  charac ter  due to  the e f fe c t s  o f  sedimentary th inn ing 
and t ru n c a t io n  in  p a r t i c u l a r  assoc ia t ion  w i th  shal low channel and 
scour s t r u c tu re s .  From measured sect ions along the Vaucottes -
Yport c o a s t l i n e  the member var ies  from 3 to  15 metres th ickness. The 
member i s  composed o f  wh i te  chalk un i ts  interbedded w i th  nodular 
chalk,  nodular-massive chalkstone, do lom it ized /ded lom i t ized  chalk and 
conglomerat ic chalk u n i t s .  Both sponge and burrow f l i n t s  occur
throughout the member and may include some p a r t i a l l y  s i l i c i f i e d  
Bathichnus paramoudra burrows.
Between southwest Vaucottes and northeast  Benouvi l le  ( g . r :  
2,283-55,262 to  2,319-55,248) on ly  the top o f  the format ion outcrops 
above beach leve l  between la rge scale channel s t ruc tu res  a t  Fonds 
d 'E t igue ( g . r :  2,290-55,256) and Val leuse du Curé (g . r s :  2,316-55,249 
to 2,319-55,248).
The member reappears southwest o f  Porte d'Amont ( g . r :
2,367-55,239) and ascends the c l i f f  l i n e  along the E t r e ta t - T i l  1eul 
coastal  sec t ion  (e .g .  Plate 4A & 48) . Along t h i s  coastal  sec t ion ,  
the member i s  poo r ly  def ined and o f ten  occurs as l a t e r a l l y  var iab le  
sequences w i t h i n  the channel-scour complex (e .g .  Fig .  21). The 
member i s  g e n e ra l l y  composed o f  s o f t  wh i te  chalk bedding w i th  t h i n l y  
developed nodular chalks ,  nodular chalkstones and conglomerat ic 
chalks.  Bedding may pass v e r t i c a l l y  and l a t e r a l l y  in to  slump and 
boulder-conglomerate u n i t s .  Interbeds o f  dedolomit ized chalk are
usua l l y  very  prominent.  Thick semitabulate f l i n t  bands, burrow
f l i n t s  w i th  occasional  paramoudra f l i n t s  occur throughout the 
sequence. The th ickness o f  the member var ies  from 2 to 10 metres.
2 . E . i i . a .  Da l les  Hardgrounds: Type l o c a l i t i e s -  Bout du Nord ( g . r :
2,046-55,348) and southwest Veule t tes ( g . r :  1,962-55,385).
Along the St .  P ie r re -en -P o r t  to  Veulet tes coas t l ine  (g . rs :
2,057-55,343 to  1,962-55,385) the Dal les Hardgrounds are dis t ingu ished 
in to  two groups: 1. The Lower Dal les Hardgrounds (F ig .  19) and 2. The
Upper Da l les Hardgrounds (F ig .  20).
Twelve Lower Da l les  Hardgrounds are developed at  the type 
l o c a l i t y .  Bout du Nord ( g . r :  2,046-55,348).  There is  l i t t l e
l i t h o l o g i c a l  v a r i a t i o n  between the hardgrounds which disp lay
FIG. 21: L i t h o s t r a t i g r a p h i c  c o r r e l a t i o n  o f  marker hor izons along 
nor theas t  É t r e ta t  Plage showing l a t e r a l  v a r i a t i o n  in  the 
Da l les Member, P ie r re -e n -P o r t  Format ion.
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convoluted i n c i p i e n t  omission surfaces and o v e r l ie  th in  10-30 
nodular cha lkstone hor izons.  The hardgrounds converge and diverge 
s l i g h t l y  along sect ion (F ig .  19) and r e f l e c t  the occurence o f  shallow 
scour s t ru c tu re s .  One Lower Dalles Hardground shows good co r re la t ion
along sec t ion  and is  in fo rm a l l y  re fe r red  to as the Grandes Dalles 
Hardground.
Eight Upper Da l les  Hardgrounds are developed towards the top o f  
the member a t  the type l o c a l i t y ,  southwest Veulet tes (g . r :
1.962-55,385).  Six o f  these hardgrounds are character ized by weakly 
developed i n c i p i e n t  hardground surfaces which form the top o f  th in  
20-30 cm nodular chalkstone hor izons. However, two hardgrounds 
e x h ib i t  st rong g la u c o n i t i z a t io n  and o v e r l ie  th ick  35-45 cm massive 
chalkstone hor izons.  These are l o c a l l y  and in fo rm a l l y  re fe r red  to as 
the P e t i te s  Da l les  Hardgrounds 1 and 2. Passing to the southwest to 
northeast P e t i te s  Da l les  on ly  fou r  Upper Dalles Hardgrounds are 
present w i t h i n  the expanded po r t ion  o f  the member (Fig.  20). The
massive cha lkstone hor izon o f  the Pe t i tes  Dalles Hardground 2 y ie lds
well preserved specimens o f  M ic ras te r  decipiens (Bayle).
However, along the coastal exposures between Yport and T i l l e u l  
( g . r :  2,256-55268 to  2,395-55,218) the Dal les Hardgrounds are not
d is t ingu ished  i n t o  upper and lower groups. Along t h i s  coastal 
sect ion the charac te r  o f  the hardgrounds are dominantly in c ip ie n t  wi th 
nodular and massive chalkstone hor izons. Most hardgrounds are
associated w i th  channel and scour s t ruc tu res .
2 . E . i i . b .  P e t i te s  Dal les Marl : Type l o c a l i t y -  Southwest Le Val (g . r :  
1,990-55,370).
At the type l o c a l i t y  the Pe t i tes  Dal les Marl i s  character ized by
a dark grey 5-10 cm th ic k  marly-chalk band w i th  a f a i n t  whisping
s o lu t ion  seam f a b r i c .  In the f i e l d ,  the marly-chalk band produces a
d i s t i n c t i v e  weathered depression w i th in  the c l i f f  face which can be 
viewed a l l  along the c o a s t l in e  from Veulet tes to high up in the c l i f f  
face at  Sennev i l le .  At the southwest Veulet tes l o c a l i t y  (g . r :
1.962-55,385) the P e t i te s  Da l les  Marl i s  l o c a l l y  developed over a th in
bed o f  nodular c h a l k .
Between Ypor t  and E t r e ta t  ( g . r :  2,256-55,268 to  2,370-55,234) the 
Pet i tes  Da l les  Marl i s  l a t e r a l l y  discont inuous w i th in  the Dalles 
Member and is  o f ten  cu t  out under t runca t ion  surfaces at  the margin of  
channel and scour s t ru c tu re s  . Occasional ly the Pet i tes  Dalles Marl
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i n f i l l s  a channel or  scour s t ruc tu re  (F ig .  21) and may diverge in to  
two mar ly -cha lk  bands (e .g .  northeast E t re ta t  Plage g . r :
2.367-55,238).  At the var ious l o c a l i t i e s  between Yport and E t re ta t ,  
the Pe t i tes  Dal les  Marl is  mainly character ized by a l i g h t  to dark 
grey, 3-5 cm t h i c k  marly -cha lk  band wi th  a pronounced whisping 
so lu t ion  seam f a b r i c .  Chalk nodules, chalk pebbles and small f l i n t s  
may be assoc ia ted w i th  the marly -cha lk  band.
2 . E. i i i . Benouv i l le  member
The s t ra to t y p e  sec t ion  f o r  the Benouvi l le Member is  at  the c l i f f  
s t a i r  tunnel  a t  Va l leuse du Curé ( g . r :  2,317-55,248) where i t  is  41.9 
metres t h i c k .  The lower boundary is  ind ica ted by the Pet i tes Dalles 
Marl and the upper boundary is  taken at  the Amont Hardground.
The Benouv i l le  Member occupies most o f  the lower part  o f  the 
c l i f f  l i n e  between Vaucottes and nor theast E t re ta t  (g . r s :  2,281-55,263 
to 2 ,368-55 ,236) .  However, the th ickness o f  the member may range
from 41.9 metres a t  Val leuse du Curé, 3 to 30 metres between Roche aux 
Anglais ( g . r :  2,276-55,265) and Pointe du Chichard ( g . r :  2,256-55,268) 
and 2 to  35 metres betwween Porte d'Aval ( g . r :  2,367-55,239) and 
Valleuse d ' A n t i f e r  ( g . r :  2,395-55,218).  These thickness changes are 
dominant ly governed by the development o f  large and small channel 
s t ruc tu res  g i v in g  r i s e  to  a v a r ie t y  o f  1i t h o l o g i c a l l y  d i f f e r e n t  
sequences: For example, the th ic k  sequence at  Valleuse du Curé (Fig.
22) is  composed o f  massive s o f t  wh i te chalk un i ts  interbedded with 
th in  nodular  chalk and nodular chalkstone hor izons. In cont ras t ,  the 
th in  sequence a t  Porte d'Aval  (a t  the base o f  a large channel 
s t ruc tu re )  e x h i b i t s  m u l t i p l e  interbeds o f  nodular massive chalkstones, 
conglomeratic cha lks ,  boulder-conglomerates and dedolomitized chalks 
(PIate 4B ) .
To the nor theas t  o f  Fecamp between Le Val and the southwest 
Veulet tes headland ( g . r s :  1,976-55,380 to 1,938-55,950) the lower par t  
o f  the member i s  access ib le  a t  the base o f  the c l i f f  face (Fig.  20). 
Along t h i s  coasta l  sec t ion  the member is  composed o f  massive so f t  
whi te cha lk beds w i th  occasional nodular chalk and nodular chalkstone 
hor izons .
2 . E . i i i . a .  Amont Hardground: Type l o c a l i t y -  Porte d'Amont (g . r .
2.367-55,239).
At the type l o c a l i t y  the hardground is  well  developed and occurs
FIG. 22: Summary log o f  the B e nouv i l l e  Member a t  Val leuse du Curé 
( g . r :  2 ,317-55 ,248) .
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at the base o f  a prominent deep channel s t ruc tu re  (see Chapter 4 ) 
The hardground i s  f l a t  to  hummocky and f a i n t l y  g laucon i t ized over ly ing 
a th ic k  55cm massive chalkstone hor izon. Stenomorphic Thaiassinoides 
charac te r ize  the chalkstone u n i t  and contain a cemented chalk i n f i l l  
occas iona l ly  in c o rp o ra t in g  chalk pebbles and p y r i t e  nodules. 
Immediately o v e r ly in g  the hardground surface is  a 40cm u n i t  of  
conglomerat ic cha lk .  The hardground is  t raced northeastwards along 
the base o f  the c l i f f  sec t ion  to the Banc à Cuves Tunnel (g . r :
2,362-55,238).  Here the hardground ove r l ies  a 45cm massive
chalkstone hor izon and 55cm th ic k  conglomerat ic chalk (see Chapter 4 , 
Fig.  58).
The Amont Hardground is  also accessible at  Valleuse du Curé (g . r :
2,317-55,248),  Haie d 'E t igue  ( g . r :  2,309-55,252),  Fosse aux Sourds 
( g . r :  2,289-55,260) and Pointe du Chichard (g . r :  2,256-55,268).  At
these l o c a l i t i e s ,  the hardground is  character ized by an i ron-s ta ined 
hummocky to  convo lu ted surface over ly ing  a th in  20-25cm nodular 
chalkstone ho r izon .  At the c l i f f  base, j u s t  northeast o f  Valleuse du 
Curé ( g . r :  2,316-55,249) the hardground ove r l ies  a th ick  massive 
chalkstone u n i t  which forms at  the base o f  a large channel s t ruc tu re .
2.F. YPORT FORMATION
The Yport  Formation dominates the c l i f f  l i n e  between northeast 
Yport ( g . r :  2,249-55,266) and southwest Fecamp (e.g.  Fig.  23). The
base o f  the fo rm at ion  is  def ined by the Amont Hardground, wi th  the
boundary-s tra to type a t  Cavêe Rouge (g . r :  2,231-55,270).  The
format ion i s  t runca ted  by a T e r t i a r y  or Pl iestocene erosion surface
and th e re fo re  the th ickness o f  80 metres determined from a 
photographic survey (e .g .  Plate 5A) at  Le Bonne Pierre (g . r :
2,225-55,274) represents  a minimum thickness only and no top is
defined.
Between Yport  and E t r e ta t  the format ion is  i n te r m i t t e n t l y
access ible  a t  beach le ve l  where i t  occurs as th ick  sequences that
i n f i l l  la rge  channel s t ruc tu res  (e.g.  Plates 5B & 5C). These
thickened sequences occur along the fo l low ing  c l i f f  sect ions:
1. Northeast  Fends d'Et igue ( g . r :  2,293-55,258) to
V a t te to t - s u r -M e r  ( g . r :  2,283-55,262).
2. Northeast  Val leuse du Curé ( g . r :  2,316-55,249) to Le Haie
d 'E t ig u e  ( g . r :  2,303-55,253).
3. Porte d'Amont ( g . r :  2,367-55,239) to Banc à Cuves Tunnel
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PLATE 5:
Se lect ion o f  coastal  c l i f f  sec t ions  showing occurrence o f  Yport
Formation. KEY: Yport Formation (YFm), P ie r re -e n -P o r t  Formation
(PPFm), Curé F l i n t s  (OF).
5A C l i f f  sect ion at  Le Bonne P ie r re  between Fécamp and Yport .  View
o f  c l i f f  face look ing southeast.  Scale:  approx.  he igh t  o f  c l i f f  
70 metres.
5B C l i f f  sect ion near V a t t e to t - s u r -m e r . View o f  c l i f f  face looking
southeast. Note: major t ru n c a t io n  sur face (T) a t  the top o f  the 
P ie r re -en -Por t  Formation forming the margin o f  a la rge  scale 
channel s t ruc tu re .  The base o f  the Yport Formation i n f i l l s  th is  
channel ( l e f t  to r i g h t ) .  Scale;  approx. he igh t  o f  c l i f f  75 
metres.
5C C l i f f  sect ion northeast  o f  Va l leuse du Curé. View o f  c l i f f  face
look ing southeast.  Truncat ion sur face (T) o f  channel margin at 
the top o f  the P ie r re -en -P o r t  Formation i s  i n f i l l e d  w i th  a th ick  
sequence o f  the Yport  Formation ( r i g h t  to  l e f t ) .  Scale:  approx. 
heigh t o f  c l i f f  75 metres.
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( g . r :  2,360-55,239).
The Yport  Formation also makes up much o f  the 7 km c l i f f  l i n e  
between nor theas t  Veu le t tes  and St.  Valery-en-Caux which occurs some 
1.5 km nor theas t  o f  t h i s  p r o je c t  area.
The reg iona l  apparent dip  o f  the Yport Formations is  between 1-2° 
N.E. along the Fecamp to  Veule t tes  and Bruneval to  E t r e t a t  c o a s t l i n e s .  
However, between E t r e t a t  and Yport  the reg iona l  d ip is  d i f f i c u l t  to 
determine due to  the basal development o f  la rge  channel s t ru c tu re s  and 
th ickened i n f i l l  sequences o f  the fo rmat ion (e .g .  Plates  5B & 5C). 
Along the Yport  to  Fecamp coastal  sec t ion  where the i s  no la rge  scale 
channel development the fo rmat ion  c l e a r l y  dips 1-2° N.E..
U n fo r tu n a te l y ,  measured sect ions o f  the Yport Formation are r e s t r i c t e d  
to coasta l  c l i f f  sec t ions  because o f  the general i n a c c e s s i b i l i t y  o f  
in land  exposures.
The u n i f y i n g  l i t h o l o g i c a l  c h a r a c t e r i s t i c s  o f  the Yport  Formation 
i s  the occurence o f  massive s o f t  wh i te  chalk beds and we l l  developed 
burrow f l i n t  bands. Large paramoudra f l i n t s  are p a r t i c u l a r l y
pronounced and c e r t a in  bands may be c o r re la te d  along the coastal  
sec t ion  (see below).  Between Bruneval and Yport ,  the base o f  the
fo rm at ion  i s  c h a r a c t e r i s t i c a l l y  i r r e g u l a r  and undulose due to  the 
topographic  express ion o f  the channel led and scoured upper sur face o f  
the P ie r re -e n -P o r t  Formation.  With in  some la rge  channel s t r u c tu re s ,  
the i n f i l l i n g  Yport  Formation may co n s is t  o f  small scale f i n i n g - u p  
bedding, slump chalk hor izons and massive chalk beds (see Chapter
3 .F . ,  3 .M . ) .  Semi- tabu la te  f l i n t  bands and paramoudra f l i n t s  o f ten
develop in  c lose assoc ia t ion  w i th  f i n i n g - u p  bedded sequences.
Channel and scour s t ru c tu re s  also occur w i t h i n  the Yport 
Formation but t h i s  i s  main ly  r e s t r i c t e d  to  the small length  o f  coastal  
sec t ion  between nor theas t  Yport  ( g . r :  2,249-55,266) and Le Chaland 
( g . r :  2 ,227-55 ,273) .
The Yport  Format ion is  more or less equ iva len t  to  Heber t 's  (1875) 
"Cra ie  a S i le x  Zones" and Te rne t 's  (1969) "Cra ie  Granuleuse à S i lex  
Format ion" .  Members are not designated f o r  the Yport  Formation
because o f  the apparent l i t h o l o g i c a l  u n i f o r m i t y  o f  most sequences, 
however, several  marker hor izons are recognised and show the fo l l o w in g  
fea tu re s :
2 . F . i . a .  Yport  Marl : Type l o c a l i t y -  Southwest Fecamp Plage ( g . r :
2 ,201-55 ,283) .
At the type l o c a l i t y ,  the Yport  Marl forms a prominent 10-15cm
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t h i c k  dark grey marly-chalk band w i th  a c h a r a c t e r i s t i c  g rada t iona l
base and burrowed top. A th ic k  f l i n t  band o f  subhor izonta l  burrow 
f l i n t s  occurs immediately below the mar ly -chalk  band (see Chapter 3.F.  
- P la te  18B).
The Yport  Marl i s  co r re la ted  a l l  along the southwest Fecamp to  
Yport  sec t ion  ( i . e .  g . r s :  2,201-55,283 to  2,249-55,266).  However, to 
the southwest o f  Yport  the Yport  Marl ascends the c l i f f  face and is  
not reached a t  any o f  the ava i lab le  access po in ts  along the Yport to 
Bruneval c o a s t l i n e .  Along t h i s  coastal  sec t ion ,  the mar ly -cha lk  band 
appears to  be l o c a l l y  cut  out w i th in  and along the margin o f
l a rg e -s c a le  channel s t ruc tu res  (e .g .  Fig .  22).
The l a t e r a l  equ iva len t  o f  the Yport  Marl occurs to  the nor theast  
o f  the mapping area, in the Dieppe Chalk succession (A.S. Gale pers 
comm.).
2 . F . i . b .  Curé F l i n t s : Type l o c a l i t y -  Val leuse du Curé ( g . r :
2 ,317-55 ,248) .
The Curé F l i n t s  are paramoudra f l i n t  and were f i r s t  recognised as a 
prominent l i t h o s t r a t i g r a p h i c  marker by Kennedy and Ju igne t  (1974) who 
re fe r r e d  to  them w i t h in  t h e i r  "Paramoudra hor izon" .  Lemaitre (1965)
re fe r r e d  to  the Curé F l i n t s  exposed along Vaucottes Plage as "con ica l
f l i n t s "  ( " s i l e x  conique")  and also suggested t h a t  the same hor izon 
outcrops in land  along a road c u t t i n g  a t  St. J e a n - d e - F o l l e v i l l e ,  near 
L i l l ebonne .
At the type l o c a l i t y ,  the Curé F l i n t s  cons is t  o f  up to  three 
bands o f  la rge  (0.3 to 1.0 metre) c y l i n d r i c a l  nodular burrow f l i n t s .  
The f l i n t s  c h a r a c t e r i s t i c a l l y  c ross -cu t  sm a l l -sca le  f i n i n g - u p  bedding 
and la m ina t ions  (see Chapter 3 . F . ) .
The Curé F l i n t s  are co r re la ted  to southwest Haie d 'E t igue  ( g . r ;  
2,309-55,252) and nor theast La Cavee Rouge ( g . r :  2 ,231-55 ,270) .  At 
these l o c a l i t i e s ,  the f l i n t s  develop w i t h in  massive beds (up to  3 
metres t h i c k )  o f  homogenous chalk.  Along the Yport to  T i l l e u l
coasta l  sec t ion  ( g . r s :  2,256-55,268 to  2,395-55,218) the Curé F l i n t s  
are best  developed w i th in  slump chalk hor izons (see Chapter 3.M.) 
forming the i n f i l l  to  la rge scale channel s t ru c tu re s .  These slump 
chalk hor izons and associated Cure f l i n t s  are most prominent a t  the 
f o l l o w in g  l o c a l i t i e s :
1. Northeast Fonds d 'E t igue  ( 9 - f :  2,293-55,258) to
V a t te to t - s u r -M e r  ( g . r :  2,283-55,262).
2. Southwest Vaucottes ( g . r :  2,276-55,265).
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2 . G. DISCUSSION AND SUMMARY
The main f in d in g s  o f  the present  s t r a t i g r a p h ie  survey is  the 
apparent marked loca l  and regiona l  l a t e r a l  th ickness  v a r ia t i o n s  w i t h in  
most fo rmat ions ,  members and marker beds. On a loca l  scale,  rap id  
l a t e r a l  t h in n in g  w i t h in  some sequences ( i . e .  Sennev i l le  and 
P ie r re -en -P o r t  Formations) i s  associa ted w i th  the development o f  
m u l t i p l e  d i s c o n t i n u i t y  surfaces in  the form o f  channel and scour 
s t ru c tu re s .  On a more reg iona l  sca le ,  however, l a t e r a l  v a r ia t i o n s  in 
th ickness  may be re la te d  to  the development o f  major basinal  highs and 
lows poss ib ly  t e c t o n i c a l l y  c o n t r o l l e d  by basement s t ru c tu re s  (see 
Chapter 4 f o r  d e t a i l s ) .
From the present study, i t  i s  envisaged t h a t  the chalk succession
was in f luenced  by l o c a l l y  developing swell and basin areas w i t h in  the
Haute Normandie reg ion .  This may be shown by f i g u r e s  24, 25 and 26
which schem at ica l ly  i l l u s t r a t e  the reg iona l  l a t e r a l  th ickness
en-Port
v a r ia t i o n s  throughout the T i l l e u l ,  Sennev i l le  and Pierre-^Formations .
The T i l l e u l  Formation (F ig .  24) a t t a in s  a maximum th ickness along 
the nor theas t  Fecamp-Sennevi l le coasta l  sec t ion  where i t  is  19.5 
metres t h i c k .  S l i g h t  s t r a t i g r a p h ie  th in n in g  o f  the fo rmat ion  occurs 
to  the west-southwest o f  Fecamp a t  A n t i f e r  where i t  i s  17.9 metres 
t h i c k ,  however, most th in n in g  occurs to  the south o f  the R iver  Seine 
where i t  i s  7.9 metres t h i c k .
In c o n t ra s t ,  l a t e r a l  th ickness v a r ia t i o n s  in  the o v e r ly ing  
Sennev i l le  and P ie r re -e n -P o r t  Formations (F igs .  25 & 26) show a more 
compl icated pa t te rn  and c lose  assoc ia t ion  w i th  channel and scour 
development. The Sennev i l le  Formation (F ig .  25) i s  t h i c k e s t  along the 
northern  Sennev i l le  ( i . e .  17.75 metres) and southern T a n c a rv i l l e  ( i . e .  
> 20 metres) sec t ions .  Dramat ic t h in n in g  o f  the fo rmat ion  occurs to
the west o f  the Haute Normandie region along the T i l l e u l - E t r e t a t  ( i . e .  
3-7 metres) and Bacquev i l le  ( i . e .  6.5-10 metres) sec t ion .
The reg iona l  l a t e r a l  th ickness o f  the P ie r re -e n -P o r t  Formation 
can on ly  be demonstrated, in  p a r t ,  along the cont inuous coastal  c l i f f  
sec t ion  between T i l l e u l  and Veule t tes  (F ig .  26).  The problems o f  
incomplete and inaccess ib le  in land  exposures o f  the P ie r re -en -P o r t  
Formation have not al lowed f o r  a more comprehensive reg iona l  study.
/  y,
With the a v a i la b le  exposure,  however, the lowermost E le to t  Member 
d isp lays  an apparent t h in n in g  towards the west o f  the region from 20 
metres along the Fecamp-Veulettes sect ion  to  10-0.5 metres along the 
E t r e ta t  sec t ion .  The o v e r ly in g  Da l les  Member is  t h i c k e s t  along the
FIG. 24: Schematic fence diagram showing the general c o r r e la t i o n  o f  
the T i l l e u l  Formation across the Haute Normandie reg ion .
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Fêcamp-Veule t tes  sec t ion  ( i . e .  33.3 metres) and also shows marked 
w e s te r ly  t h in n in g  to  10-2 metres along the T i 11e u l - E t r e t a t  sec t ion .  
The Da l les  Member is  also exposed above beach leve l  between Vaucottes 
and Yport  where i t  va r ies  f rom 10-3 metres th ickness .  The succeeding 
Benouv i l le  Member i s  t h i c k e s t  a t  Veu le t tes  (> 90 metres) and is  
reduced to  35-3 metres th ickness along both the Vaucot tes-Ypor t  and 
T i l l e u l - E t r e t a t  sec t ions .  However, between E t r e t a t  and Vaucottes the 
member is  th ickened to  more than 90 metres.
Close ly  associated w i th  the t h in n e s t  sequences w i t h in  the 
P ie r re -en -P o r t  Formation is  the l o c a l i z a t i o n  o f  two d i s t i n c t  regions 
o f  channel and scour s t ru c tu re s  (F ig .  26) which occur along the: 1. 
T i l l e u l - E t r e t a t  and 2. Vaucot tes-Ypor t  coasta l  sec t ions .  The
s ig n i f i c a n c e  o f  t h i s  reg iona l  pa t te rn  o f  channel and scour development 
is  descr ibed in d e t a i l  in  chapter  4 . F . Ü . .
The estab l ishment  o f  a more prec ise  1i t h o s t r a t i g r a p h i c  scheme f o r  
the Haute Normandie chalks ( i . e .  Upper Cenomanian to  Santonian) has 
also provided a necessary framework upon which o the r  s tud ies  were 
based. The s tud ies  c a r r i e d  out in t h i s  p r o je c t  inc lude  the f o l l o w in g :
1. Facies ana lys is  (Chapter 3 ) ,  2. Channel and scour ana lys is  (Chapter 
4 ) ,  3. Do lomit ized and dedolomi t i zed cha lk ana lys is  (Chapter 5).
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3. CHALK FACIES
3 .A. CHALK FACIES REVIEW:
Black (1980) r e fe r r e d  to  the cha lk as a s in g le  fa c ie s  descr ib ing  
" the sedimentary nature o f  the Chalk Facies" as being a "g rea t
abundance o f  c o c c o l i t h s  admixed w i th  minor amounts o f  organ ic
remains".  However, more d e ta i l e d  fa c ie s  schemes subdiv ide the chalk 
up in to  two or more fac ies  d i v i s i o n s  (e .g .  Cheetham 1971, Suedsen 
1975, Kennedy & Garr ison 1975, Hancock 1975, Woodroof 1981, Robinson 
1984). These Chalk Facies inc lude  coarse grained chalk sediments 
(e .g .  bryozoan r i c h  c h a lk s ) ,  s i l i c l a s t i c  and a rg i l la c e o u s  r i c h  chalks 
and e a r ly  cemented cha lks .
Bromley (1979) app l ied  a chalk fa c ie s  scheme to  the M aas t r i ch t ian  
and Danian chalks o f  Denmark in  which he descr ibes the f o l l o w in g  major 
fa c ie s :  1. The Bryozoan Facies 2. The Coral Facies and 3. The Fine
Grained Chalk Facies.  He also  s ta tes  t h a t  w i t h in  the Bryozoan
Fac ies  " v a r ie d  compos i t iona l ,  f a b r i c  and d iagene t ic  a l t e r a t i o n
give  r i s e  to a wide range o f  sub fac ies " .  Danish and southern Swedish 
chalks are g e n e ra l l y  cha rac te r ized  by a wide range o f  w e l l - d e f in e d  
pr imary sedimentary fea tu res  (e .g .  Cheetham 1971) which enable the 
easy re c ogn i t ion  and co n s t ru c t io n  o f  fa c ie s  schemes in  the f i e l d .
In c o n t ra s t  to  Scandinavian cha lks ,  the Haute Normandie chalks
are f i n e r  grained and even more v a r ia b le  in  composi t ion.  However, 
t h i s  v a r i a t i o n  o f  (a l lochem) composi t ions i s  d i f f i c u l t  to  de tec t  in 
f i e l d  exposure and hand specimen. This  probably prompted Aubry 's  
(1972) "Nannofacies" c l a s s i f i c a t i o n  f o r  the Haute Normandie chalks
which was based on an ex tens ive  S.E.M. pét rograph ie  examination o f
numerous chalk samples.
Simpson (1985) s ta tes  t h a t  the " r e c o g n i t io n  o f  bedding is  the 
pr imary stage o f  fa c ie s  a n a ly s i s " .  This fundamental c r i t e r i a  is  one 
o f  the main problems fac ing  workers concerned w i th  e s ta b l i s h in g  chalk 
f ac ies  as in  most cha lk successions pr imary bedding fea tu res  are 
poor ly  de f ined.
, Despite t h i s ,  fa c ie s  schemes c h a ra c te r i z in g  pr imary sedimentary 
fea tu res ,  have been cons t ruc ted  by var ious chalk workers concerned
w i th  i n t e r p r e t i n g  chalk 1i t h o s t r a t i g r a p h y . The "White Chalk Facies" 
(Hancock 1977) o r  "Chalk Facies" (Black 1980) r e fe rs  to  chalk devoid 
o f  e a r l y  cement and con ta in ing  low amounts o f  a r g i l  1 aceous/si l icicl a s t i c  
m a te r ia l .  The subsequent 1i t h i f i c a t i o n  o f  wh i te  chalk produces
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"Nodular Chalk Facies" (Kennedy & Garr ison 1975), "Hardground Chalk 
Facies" (Hancock 1975) o r  "Nodular Chalks and Hardground L i th o fa c ie s "  
(Woodroof 1981). Other fa c ie s  terms in troduced f o r  u n i i t h i f i e d
a rg i l la c e o u s  and s i l ie ic la s t i c  r i c h  chalks inc lude  "Chalk-Marl  Facies" 
and "Mulato Facies" (Hancock 1975), "Clay r i c h  L i th o fa c ie s "  (Woodroof 
1981) and "Marl Band L i th o fa c ie s "  (Robinson 1984). In t h i s  p ro je c t ,  
many o f  these terms have been adopted, but on ly  used as general f i e l d  
terms to  descr ibe the 1i t h o s t r a t i g r a p h y  o f  the Haute Normandie chalks 
( see Chapter 2 . A . i i . ) .
Al though many terms e x i s t  to  descr ibe e a r l y  cemented and impure 
chalk (e .g .  nodular  chalks and marl bands) none o f  the e a r l i e r  workers 
have at tempted to  subd iv ide the White Chalk Facies on the basis o f  
composi t ional  and t e x tu ra l  v a r i a t i o n s .  One o f  the main ob je c t iv e s  o f  
t h i s  study is  to  devise a p la u s ib le  fa c ie s  c l a s s i f i c a t i o n  scheme which 
best descr ibes the sedimentology o f  the Haute Normandie cha lks .  
Usage o f  the term fa c ie s ,  as suggested by Midd le ton (1978),  should be 
based on a v a r i e t y  o f  " d i v i s i b l e  aspects de tec tab le  in  the f i e l d " .  
In t h i s  p r o je c t ,  the fa c ie s  d e s c r ip t i o n s  are based on a combinat ion o f  
both f i e l d  observa t ions and d e ta i l e d  pé t rograph ie  analyses.
3 .A. i . Facies c l a s s i f i c a t i o n
In the f i e l d ,  f i v e  basic rock types are recognised w i t h in  the 
Haute Normandie cha lks ,  namely : s o f t  cha lks ,  cha lkstones,
m ar ly -cha lks ,  cong lomerat ic  chalks and g r a v i t y - f l o w  cha lks .  The 
f i e l d  terms used to  de f ine  the var ious subgroups o f  these rock types 
are descr ibed in  chapter 2. Al though t h i s  broad c l a s s i f i c a t i o n  o f  
d i f f e r e n t  rock types proved s u f f i c i e n t  in  descr ib ing  the 
1i t h o s t r a t i g r a p h y  o f  the Haute Normandie cha lks ,  i t  was found to  be 
inadequate as a fa c ie s  scheme. A d d i t io na l  d e ta i le d  pétrograph ie  
inspec t ion  was needed to  e s ta b l i s h  a more re f i n e d  fac ies  
c l a s s i f i c a t i o n .
A major problem w h i l s t  studying cha lks  in  the f i e l d  i s  the 
d i f f i c u l t y  o f  recogn is ing  sedimentary v a r ia t i o n s  in  c l i f f  exposures 
and/or hand specimen. This  i s  l a r g e l y  due to  the b r i l l i a n t
whi teness, low c o n t ra s t  and the f i n e  grained nature o f  most chalks.  
The v i s i b i l i t y  o f  sediment t e x tu re s ,  g ra in  s ize  and the i d e n t i f i c a t i o n  
o f  b iogenic  c o n s t i t u e n ts  are l a r g e l y  conf ined to  we l l  weathered s o f t  
chalk surfaces o f  'e tched '  f o s s i l  m a te r ia l .  Chalkstones on the o ther  
hand, do not weather in  the same way as s o f t  chalks and the re fo re
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prov ide no f i e l d  evidence o f  the composi t ion o f  al lochems.
This lack o f  sedimentary data from f i e l d  exposures promoted an 
extens ive sample program in v o lv ing  the c o l l e c t i o n  and ana lys is  o f  over 
400 samples from rep resen ta t ive  logged sect ions (see Figs.  30 - 39, 45 
- 51 & Appendix I ) .  Deta i led pét rographie s tud ies  o f  these samples
included the f o l l o w in g  procedures:-
1. Slabbing, p o l i s h in g ,  o i l  s ta in in g  (Bromley 1981) o f  chalk 
b lo c k s .
2. Bulk sample d i s in t e g r a t i o n  and s iev ing  to separate out
al lochems (Sur lyk 1972).
3. Thin sec t ions :  Preparat ion o f  epoxy res in  impregnated s l i d e
sect ions f o r  both l i g h t  microscope and cathodoluminescence.
4. S.E.M. o f  f r a c tu re d  chalk samples.
5. Inso lu b le  residue and c lay  mineral ana lys is  (X .R.D.) .
(SEE APPENDICES I I  to VI FOR DETAILS)
Bulk sample d i s i n t e g r a t i o n  o f  samples (see no. 2 above) provided 
useful  data on the composi t ion,  g ra in  s ize and p a r t i c l e  p reserva t ion  
o f  the coarse f r a c t i o n  ( i . e .  > 125 microns) from selec ted chalk
samples. Q u a n t i t a t i v e  analyses c a r r ied  out on in s o lu b le  res idues , in 
p a r t i c u l a r  c lay  mineralogy is  reviewed in  the l a t e r  sec t ion  on 
Marly-Chalk Facies (Sect ion 3 .K . ) .
Most o f  the data on al lochem composi t ion and tex tu res  were 
obtained from p o in t  count ing t h in  sec t ions .  This ana lys is  provided 
the e as ies t  means o f  recogn is ing te x tu ra l  and composi t ional  v a r i a t i o n  
w i t h in  pr imary sediment l i t h o l o g i e s .
A t r i a n g u la r  v a r i a t i o n  diagram (F ig .  27) const ructed from po in t  
count ing data shows the general range o f  b iogen ic  composi t ion in  some 
300 separate cha lk samples. A more d e ta i le d  study o f  p o in t  count ing 
data by m u l t i v a r i a t e  c l u s te r  ana lys is  (see d e t a i l s  o f  programme in 
Appendix I I I )  revea ls  very high degrees o f  s i m i l a r i t y  o f  samples 
w i t h in  higher groupings (F ig .  28).  Most samples have s i m i l a r i t y  
c o e f f i c i e n t s  o f  less than 0.4 and most are c lus te red  a t  le ve ls  o f  0.9 
or more (0 being complete ly d i s s im i l a r  and 1 being completely 
s i m j l a r ) .
The chalk sediments are c l a s s i f i e d  on biogenic and te x tu ra l  
fea tu res  f o l l o w in g  the c l a s s i f i c a t i o n  o f  Dunham (1962).  Many chalk 
samples conta in  between 5 and 29% allochems and the re fo re  cross the 
boundary between Dunham's mudstones ( <10% gra ins)  and wackestones 
(>10% g r a in s ) .  The term mudstone-wackestones is  the re fo re  used to
FIG. 27; T r iangu lar  v a r ia t io n  diagram i l l u s t r a t i n g  p o in t  count ing  data 
(o f  allochems only)  showing the v a r i a t i o n  in  allochem 
composition o f  chalk samples from Haute Normandie. End 
members are: bryozoans (75%), echinoderms (75%) and
cal c i spheres / fo ram in i fe ra ,  b iva lves  (e .g .  inoceram ids ) , 
sponges, ostracods and o the r  minor groups ( 100%).
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FIG. 28; Dendrogram from c lu s te r  ana lys is  o f  pé trographie  data o f  285 
th in  sect ioned chalk samples (600 po in t  counts per th in  
sec t ion ) .  Clusters are shaded in a t  s i m i l a r i t y  le v e ls  of
about 0.5.  Column (A) mudstones and mudstone-wackestones.
Column (B) wackestones and packstones.
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KEY TO SYMBOLS
•  Sponge chalKstone o Nannofossil chalkstone 
□ Echinoderm chalkstone x Bryozoan chalkstone 
0 Inoceramid chalkstone MQT ly  -  Chq I k
FIG. 29; Table o f  Facies. Note; abbrev ia t ions  to fac ies  (e.g.
Nannofossi l Mudstone; NM) are app l icab le  to f ig u re s  31 to 39.
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FACIES General field terms:
Nannofosil Mudstone Facies (NM)
Echinoderm Wackestone and Packstone Facies (EW/P) 
Bryozoan Wackestone and Packstone Facies (BW/P) 
Inoceramid Wackestone Facies (IW)
Marly-chalk Facies (MC)
SOFT CHALKS
Nannofossil Chalkstone Facies (NC) 
Echinoderm Chalkstone Facies (EC) 
Bryozoan Chalkstone Facies (BC) 
Inoceramid Chalkstone Facies (IC) 
Sponge Chalkstone Facies (SC)
CHALKSTONES 
(i.e. nodular chalks, 
nodular chalkstones and 
massive chalkstones)
Conglomeratic Chalk Facies (CC) Eroded chalkstones
Gravity-Flow Chalk Facies 
(i.e. slumped chalks (SC), 
boulder-conglomerates (B-CN), 
mass-flow soft chalks (MFSC)
Redeposited soft chalks 
and chalkstones
FIGS. 30 to 39: Major composite l i t h o l o g i c a l  sec t ions showing the
v a r ia t i o n  o f  composi tion throughout the Haute Normandie cha lks .  See 
appendix I f o r  f u r t h e r  d e ta i l s  o f  log and sample l o c a l i t i e s .  Key to 
l i t h l o g i c a l  marker hor izons: A n t i f e r  Hardground (AH), A n t i f e r  Marl
(AM), Fourquet Marl (FM), Golf  Hardgrounds (GH), Cap Hardgrounds (CH) 
T i l l e u l  Hardgrounds (TH), Sennev i l le  Hardgrounds (SH), Sennev i l le  Marl 
(SM), Grand Valleuse Marl (GVM), É lé to t  Hardground (EH), Lower Dal les 
Hardgrounds (LDH), Pet i tes  Dal les Marl (PDM), P e t i te s  Dalles 
Hardground (PDH), Upper Dal les Hardgrounds (UDH), Yport Marl (YM). Key 
app l icab le  to f igu res  31 to 39.
FIG. 30: Compositional analys is  o f  the l i t h o l o g i c a l  sect ion  a t  the top 
of  the Craie de Rouen Formation, Cap d 'A n t i f e r .
FIG. 31; Compositional ana lys is  of  the T i l l e u l  Formation,  along 
southwest T i l l e u l  Plage.
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FIG. 32: Compositional ana lys is  o f  the T i l l e u l  Formation between
Fecamp and Sennev i l le .
FIG. 33: Compositional ana lys is  o f  the T i l l e u l  Formation o f  the
T i l l e u l  Formation a t  Bacquev i l le ,  River Seine.
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SILT TO SANO SIZE BIOGENIC CONSTITUENTS (oercenl)
FIG.33
FIG. 34: Compositional ana lys is  o f  the Sennev i l le  Formation between 
Sennevi l le and E lé to t .
FIG. 35: Compositional ana lys is  o f  the Lower P ie r re -en -P o r t  Formation 
between É lé to t  and Les Pe t i tes  Da l les .
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FIG. 36; Compositional ana lys is  o f  the Upper P ie r re -en -P o r t  Formation 
between Les Pe t i tes  Dal les and Veule t tes .
FIG. 37: Compositional ana lys is  o f  the l i t h o l o g i c a l  sec t ion ,  nor theast 
Va l1euse d ' A n t i f e r .
73
SILT TO SANO SIZE BIOGENIC CONSTITUENTS (perc«nl)
 POM l.o"r
>UDH
m
F I G . 36
SLT/SANO SIZE BIOGENIC CONSTITUENTS (p«can<)
MCRITE (pprcpnl)
V t-
TH2
TH1
FIG.37
FIG, 38: Composit ional ana lys is  o f  the l i t h o l o g i c a l  sect ion  a t  the end 
o f  the promenade, nor theas t  E t re ta t .
FIG. 39: Composit ional ana lys is  o f  the l i t h o l o g i c a l  sec t ion ,  nor theas t  
E t re ta t  Plage.
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descr ibe these sediments. From the c lu s t e r  ana lys is  (F ig .  28) th ree 
main groups o f  chalk sediment are descr ibed ( i . e .  1 mudstones. 2 
mudstones-wackestones. 2 wackestones-packstones).  F igure 28 also
shows the composi t ion o f  s o f t  chalks and cha lkstones to  be broad ly  
s im i l a r .  There i s ,  however, some separate groupings between s o f t
chalk and cha lkstone samples (F ig .  28) which r e f l e c t  s l i g h t
d i f fe rences  in  b iogenic  composi t ion and p ropo r t ion s  o f  g ra in  types.
This toge ther  w i th  the l i t h o l o g i c a l  d i f f e re n c e s  between s o f t  chalks 
and cha lkstones (see Chapter 2 ) ,  help de f ine  most o f  the major fa c ie s  
d i v i s i o n s .
The fac ies  c l a s s i f i c a t i o n  o f  the Haute Normandie cha lks  i s ,  
the re fo re ,  based on a d e ta i l e d  and in te g ra te d  study o f  both f i e l d  and 
pét rographie  data.  From t h i s  ana lys is  a t o t a l  o f  twelve main fa c ie s  
(F ig .  29) are recognized and are descr ibed below.
3.B. NANNOFOSSIL MUDSTONE FACIES
Nannofossi l  mudstones are the most common s o f t  chalk sediment 
fac ies  o f  the Haute Normandie reg ion .  The Nannofossi l  Mudstone 
Facies occurs w i t h in  the Sennev i l le  and P ie r re -e n -P o r t  Formations 
p r im a r i l y  along the nor theas t  coasta l  sec t ion  ( i . e .  Fecamp to  P e t i te s  
Da l les ,  g . r :  2,190-55,297 to  2,021-55,358) and to  a le s s e r  ex ten t
along the southwest coastal  sec t ion  ( i . e .  T i l l e u l - E t r e t a t ,  g . r :  
2,395-55,218 to  2,357-55,239).  S im i la r  nannofoss i l  r i c h  s o f t  chalk
sediments make up the m a jo r i t y  o f  more bas inal  chalks o f  northwest
Europe (e .g .  Hancock 1975, 1976, 1984). In f a c t ,  Bromley and Gale
(1982) de f ine  most chalks as " f i n e  grained carbonate sediments 
composed p r im a r i l y  o f  calcareous n a n n o fo s s i l s " .
Nannofossi l  mudstones are considered here as the commonest 
pe lag ic  sediment from which o the r  sediments are produced w i th  
increased percentage o f  s k e le ta l  d e t r i t u s  from o ther  benthonic 
organisms (e .g .  echinoderm, Inoceramus, bryozoan).  Nannofossi l  
mudstones the re fo re  make up the chalk m a t r ix  o f  mudstone-wackestones 
and wackestones/packstones (Sect ions 3 .D . ,  3 . F . ,  3 .H . ) .  The
composi t ion o f  the Nannofossi l  Mudstone Facies i s  de f ined as chalks 
w i th  high amounts o f  m a t r ix  (approx imate ly  85% o f  t o t a l  sediment) 
r i c h  in  c a l c i s p h e re - fo ra m in i f e r id  m ic r o fo s s i l s  (10-32% o f  the t o t a l  
sed iment) .
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3.B.1 .  General c h a r a c t e r i s t i c s  o f  the f a d e s :
In the f i e l d ,  the Nannofossi l  Mudstone Facies d isp lays  
c h a r a c t e r i s t i c  l i t h o l o g i c a l  u n i f o rm i t y .  Th is ,  toge the r  w i th  the lack 
o f  c o n t ra s t  w i t h i n  the f i n e  g ra in  sediment, provides l i t t l e  i n d ic a t i o n  
o f  o r i g i n a l  bedding planes, laminat ions  and o the r  sedimentary 
s t ru c tu re s .  The best i n d ic a t i o n  o f  sedimentary bedding in
nannofoss i l  mudstones are f a i n t  burrow omission sur faces which are
most conspicuous w i t h i n  nannofoss i l  mudstone/marly-chalk in te rbeds 
(e .g .  P la te  6E). In general ,  most sedimentary tex tu res  and
s t ru c tu re s  are rendered v i s i b l e  in  the f i e l d  on ly  when the non 
carbonate content  ( 3-5%) and/or mineralogy d i f f e r s  from th a t  o f  the 
surrounding wh i te  cha lk .  A l t e r n a t i v e l y  the re c o g n i t io n  o f
sedimentary s t ru c tu re s  and fa b r i c s  are g r e a t l y  enhanced by o i l  
s t a in in g  po l ished  rock surfaces ( i . e .  The "Bush insk i  techn ique" o f  
Bromley 1981).
The most conspicuous pr imary sedimentary bedding occurs as 
f i n i n g - u p  u n i t s  o v e r ly in g  hardgrounds (P la te  6B - 6D). These beds 
t y p i c a l l y  range from 0 .5-3  metres in  th ickness and the base o f  some 
u n i t s  maybe cha rac te r ized  by small increases in  a r g i l l a c e o u s  content  
(e .g .  P la te  6B) . A l t e r n a t i v e l y ,  t h in n e r  bedding ( 0 .2 -0 .3  metres
th ickness)  i s  t y p i c a l l y  assoc ia ted w i th  prominent omission sur face 
development and m ar ly -cha lk  in te r -beds  (P la te  6E). Other mudstones 
are c o m pos i t iona l ly  and t e x t u r a l l y  homogeneous w i th  ra re  in d ic a t i o n s  o f  
pr imary bedding fea tu res  due to  ex tens ive burrowing (P la te  7A - 7B).
Bedding geometr ies w i t h in  the Nannofossi l  Mudstones Facies 
inc lude two basic forms:
1. Hor izon ta l  to  sub-ho r izon ta l  sheet l i k e  u n i t s  which d is p la y  
cons iderab le  l a t e r a l  c o n t i n u i t y  along the no r theas t  Fecamp to 
Sennev i l le  coastal  sec t ion .
2. Lensoid shape beds which th icken  or  t h i n  l a t e r a l l y  and
comprise the bedded sequence o f  some channels and
in te rchannel  areas.
Some nannofoss i l  mudstones may be cha rac te r ized  by f a i n t
a rg i l la c eous  r i c h  b u r r o w - i n f i l 1s o f  Tha iass ino ides and Zoophycos 
(P la te  7A). These a rg i l la c e o u s  r i c h  cha lk ,  b u r r o w - in f i l  1s are
u s u a l l y  composed o f  coarser  grained nannofoss i l  mudstone (P la te  6F) 
der ived from o v e r ly in g  mar ly -cha lk  bands (P la te  6E). Often these 
burrowed hor izons are mod if ied  by compact ional pressure s o lu t i o n
processes (P la te  7C - 7E) producing d i s t i n c t i v e  chalk f l a s e r  f a b r i c s
PLATE 6:
6A Sponge f l i n t  horizons (SFH) - deve loped- in Nannofossi l  Mudstone 
Facies,  nor theast  E t re ta t  Plage.
6B Large scale f in in g -u p  bed o f  nannofosssi l  mudstone above an
in c ip i e n t  hardground (INH),  P ie r re -e n -P o r t  Format ion,  northeas t 
E t re ta t .  Note: l i g h t  grey co lour  a t  base o f  bed represents
s l i g h t  enrichment in a rg i l la ceous  content .  Sponge f l i n t s  (SF) 
are abundant towards top o f  bed. (sample*:  E13, l o g * :  E3).
6C Photomicrograph: Nannofossi l  mudstone w i th  we l l  preserved
c a lc i  sphere and p lank ton ic  f o ra m in i f e r a .  Other ske le ta l
allochems (e.g .  elongate shaped fragments) show random o r ien ta ted  
b io tu rbated f a b r i c .  Scale bar = 500pm. (sample: E13, lo g :  E3).
60 Photomicrograph : Nannofossi l  mudstone o f  s l i g h t l y
a r g i l l a c e o u s - r i c h  chalk showing high amounts o f  fragmented 
ca lc isphe re /p lank ton ic  fo ra m in i f e ra  tes ts  and o the r  s i l t - s i z e d  
components. Note: e longate p a r t i c l e s  show pre fer red
o r ie n ta t i o n .  Scale bar = 500pm. (sample: El ,  log:  E4).
6E Nannofossi l mudstones (NM) and mar ly -cha lk  (MC) in te r -beds  w i th  
associated i n c ip i e n t  hardground development ( IH ) .  From the
Sennev i l le Formation, nor theas t  Fecamp. Scale = lens cap (5cm 
di ameter) .
6F Photomicrograph. Nannofossi l  mudstone w i th  burrow f a b r i c .
Note: Greater concentra t ions o f  fragmented nannofoss i l  tes ts
occurr ing w i th in  b u r r o w f i l l  (B). Scale bar:  1mm i n te r v a l s ,
(sample: T62, log:  T IO ) .
*Sample and log numbers are shown in  Appendix I (ap p l ic a b le  to a l l
P Ia te s ) .
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PLATE 7:
7A Nannofossi l  mudstone d isp lay ing  s l i g h t l y  f l a t t e n e d  a rg i l laceous
r ic h  chalk burrow s t ruc tu res .  ' From the Sennev i l le  Formation, 
northeast  Fecamp. Scale: lens cap (15cm d iameter) .
7B: Slabbed sample ( o i l  stained) o f  Nannofossi l  mudstone d isp lay ing
s l i g h t l y  a r g i l l a c e o u s - r i c h  and f l a t t e n e d  burrows (B).  Scale: 
10mm. (sample: E48, Log: E7).
70: Horizon o f  f a i n t  chalk f l a s e r  w i t h i n  nannofoss i l  mudstone
developed from a f a b r i c  o f  f l a t t e n e d  burrows. From the Fecamp 
Member, nor theast Fecamp. Scale: hammer handle (15cm le ng th ) .
7D: Horizon o f  pronounced chalk lenses (CL) from the P ie r re -en -P o r t
Formation, nor theast T i l l e u l  Plage. Scale:  hammer head (15cm).
7E: Slabbed sample ( o i l  stained) o f  nannofoss i l  mudstone con ta in ing  a
chalk f l a s e r  f a b r i c .  Note: F in e ly  laminated m i c r o s t y l o l i te
swarm f a b r i c  (SS) developed w i t h in  compressed chalk burrows (B). 
Chalk lenses (CL). Also sect ions o f  sponge f l i n t s  (SF). Scale 
bar: 10mm. (sample: E12, Log: E5)
7F: Photomicrograph: Thin sec t ion o f  cha lk f l a s e r  f a b r i c .  Chalk
lens (CL). A rg i l laceous  r i c h  cha lk o f  f i n e l y  laminated
m i c r o s t y l o l i te swarm f a b r i c  (SS). Holes in t h i n  sec t ion  (H). 
Scale bar: 1mm in te r v a l s ,  (sample: S20, log :  E2)
7G: Photomicrograph : Close up o f  chalk lens represented in
photomicograph 7F. Nannofossi l  mudstones w i th  randomly dispersed 
m ic ro fo s s i l s  and other  s i l t - s i z e d  p a r t i c l e s .  Rhombohedral pores 
(R). Scale bar: 500pm. (sample: S20, log:  E2).
7H: Photomicrograph: Close up o f  m i c r o s t y l o l i te swarm area of
photomicrograph (7F). Nannofossi l  mudstone w i th  increased 
amounts o f  fragmented m ic ro fo s s i l s  and o ther  s i l t y  ske le ta l
debr is .  Note: s l i g h t  p a r a l l e l  a l ignment o f  p a r t i c l e s .  Scale 
bar: 500pm. (sample: S20, log:  E2).
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( c . f  Garr ison & Kennedy 1977). Well developed chalk f l a s e r s  (e .g .  
P la te  7D) are composed o f  hard e l l i p s o i d a l  chalk lenses surrounded by 
s o f t  a r g i l l a c e o u s  r i c h  cha lk w i th  m i c r o s t y l o l i te swarms (P la te  7E).
The most conspicuous form o f  l i t h o l o g i c a l  s t r a t i f i c a t i o n  w i th in  
the Nannofoss i l  Mudstones Facies are l a t e  d iagene t ic  f l i n t  band 
hor izons.  Most f l i n t  hor izons p a r a l l e l  bedding and the re fo re  provide 
a r e l i a b l e  means o f  i n f e r r i n g  bedding o r i e n ta t i o n  (Kennedy & Ju igne t  
1974). F l i n t s  may develop in  the upper po r t ion s  o f  nannofoss i l
mudstone u n i t s ,  though some f l i n t  hor izons span the bedding boundaries 
(P la tes  6A, 8B - 8C). Two types o f  f l i n t  hor izon occur w i t h in  the 
Nannofossi l  Mudstone Facies.
1. Sponge f l i n t  hor izons are the most dominant form o f  s i l i c e o u s  
replacement w i t h i n  the Nannofossi l  Mudstone Facies.  Sponge 
f l i n t  hor izons d i s p la y  crude s t r a t i f i c a t i o n  (P la te  6A) 
ranging from 0 .3-2  metres th ickness separated by a t h in  
0 .15-0 .25  metre hor izon o f  f l i n t l e s s  mudstone. S o l i t a r y  
sponge f l i n t s  are subspher ical  f l i n t s  enc los ing s i l i c i f i e d  
sponge ske le tons ,  sometimes charac te r ized  by chalcedonic 
sponge lumens (P la te  80).  Often sponge f l i n t s  coalesce 
forming pa i red  sponge f l i n t s  (P la te  8C). Burrow f l i n t s  may 
a lso be found in  sponge f l i n t  hor izons but are subordinate in 
occurrence to  the sponge f l i n t s  (P la te  8E).
2. Burrow f l i n t s  rep lace mudstones in  which hor izons o f  
prominent Tha iass ino ides burrows are preserved (P la te  8A - 
8B). Most burrow f l i n t  hor izons range from 0 .1 -0 .5  metres 
in  th ickness .  Burrow f l i n t s  rep lace or  surround the
unconto rted r e g u l a r i l y  branched networks o f  id iomorph ic  
T h a ia s s in o ides burrows ( c . f .  Bromley 1967). The v a r i e t y  o f  
coa lesc ing  f l i n t  morphologies (P la te  8A - 8B, 8E) r e f l e c t s  
the va ry ing  degrees o f  s i l i c i f i c a t i o n  which extend beyond the 
boundar ies o f  Tha iass ino ides t race  f o s s i l s  and rep lace the 
surrounding chalk m a t r ix .  Most burrow f l i n t s  w i t h i n  the 
nannofoss i l  mudstones have t h in  wh i te  r inds  and 
c h a r a c t e r i s t i c  v i t r e o u s  l u s t r e s  on f r e s h l y  f ra c tu re d  
s u r fa c e s .
Thin ta b u la r  f l i n t s  (P la te  8F) 1-5 cm th ickness produce
cont inuous f l i n t  bands w i t h in  some mudstones. Many o f  these t h in  
t a b u la r  f l i n t s  run o b l i q u e ly  to  bedding fo l l o w in g  s o lu t i o n  seams, 
f ra c tu re s  and f a u l t  p lanes.
PLATE 8;
8A Well developed burrow f l i n t  hor izons w i t h in  nannofoss i l  mudstones
from the P ie r re -en -P o r t  Formation,  nor theas t  E t r e t a t .  Scale 
bar: 50cm.
8B Burrow f l i n t  hor izon w i t h i n  nannofoss i l  mudstone. Note: f l i n t s
are rep lac ing  id iomorph ic  Thai ass inoides burrows. Scale:  coin
(2cm d iam e te r ) .
8C Sponge f l i n t s  (SF) and pa ired sponge f l i n t s  (PSF) w i th in
nannofossi l  mudstone. From the Sennev i l le  Format ion,  southeast 
E t re ta t .  Scale bar:  20cm.
80 Fractured cross sect ion o f  sponge f l i n t  w i th  chalcedonic core (C)
and preserved sponge ske le ton (S). Scale:  coin (1cm d iamete r) .
8E Paired burrow f l i n t  (BF) w i th  sponge f l i n t  (SF). Note: s l i g h t l y
arg i l laceous  chalk burrow i n f i l l s  (B). Scale bar:  1cm.
8F Vi treous seam f l i n t  o r ie n ta te d  ob l ique to bedding and rep lac ing  a
th in  so lu t ion  seam. Scale:  coin (1cm diameter)
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Nannofossi l  mudstones are also p a r t i a l l y  replaced by dolomite  
and/or dedolomite (see Chapter 5).
3 . B. i i . Composit ion o f  nannofoss i l  mudstones
Nannofossi l  mudstones are mainly  composed o f  f i n e  c lay  to  s i l t  
grade m ate r ia l  made up o f  s ke le ta l  remains o f  calcareous p lank ton ic  
algae (e .g .  c o c c o l i t h s ,  Nanno.- conus) , ca lc ispheres  and p lank ton ic  
f o ra m in i f e ra .  S.E.M. photomicrographs (P la te  9) show the dominance 
o f  c o c c o l i t h s  and Nannoconus. O ccas iona l l y ,  g lo b u la r  coccospheres 
are preserved (P la te  9C) but are u s ua l l y  found as separate c o c c o l i t h s  
(P la te  90, 9F), r h a b d o l i th s  (P la te  9G) and 0 .5-2  micron diameter
c o c c o l i t h  p l a t e l e t s  (P la te  9A, 9H). The complete or  p a r t i a l
p rese rva t ion  o f  coccospheres i s  ext remely  ra re .  Most c o c c o l i t h  
debr is  e x i s t s  as fragmented c o c c o l i t h  r ings  and separate p l a t e le t s  
(P la te  9A). Nannoconus i s  r a r e l y  preserved as complete specimens
(e .g .  P la te  9B). The w a l l s  o f  in d iv id u a l  nannoconids are usua l l y  
broken down i n to  separate p l a t e l e t s .  This makes i t  d i f f i c u l t  to
assess the abundance o f  Nannoconus as i t  i s  almost impossib le  to 
d i s t i n g u i s h  between the Nannoconus p l a t e l e t s  and var ious p l a t e l e t s  o f  
o ther  calcareous p la n k to n ic  algae (e .g .  c o c c o l i t h  p l a t e l e t s )  w i t h in  a 
thorough ly  mixed cha lk  m a t r i x .  In s p i te  o f  t h i s ,  Aubry (1972)
est imated up to  75% Nannoconus debr is  in  some hor izons from Haute 
Normandie. Tests o f  .ca lc ispheres  and p lank ton ic  f o ra m in i f e ra  are 
u s u a l l y  poo r ly  preserved showing p a r t i a l  breakdown producing a m a t r ix  
o f  small 0 .5 -3  micron anhedral stud-shaped c r y s ta l s  (P la te  lOE - lOH).
In t h i n  s e c t io n ,  many p lank ton ic  f o ra m in i f e ra  and ca lc isphere  
te s ts  are fragmented in  the s o f t  chalk o f  the Nannofossi l  Mudstone 
Facies (e .g .  P la tes  60, 7H, lOB). Whole and fragmented te s ts  usua l l y  
show a random a l t e r a t i o n  throughout  the f i n e  grained m a t r i x .  Large 
amounts o f  comminuted and o r ie n ta te d  c a lc is p h e re /p la n k to n ic  
f o ra m in i f e ra  debr is  occur w i t h i n  the s o lu t i o n  seams o f  chalk f l a s e r s  
(e .g .  P la te  7F, 7H). The te s t s  o f  p lank ton ic  f o ra m in i f e ra  are
gen e ra l l y  most susceptab le to  f ragmenta t ion .  P e t ro g ra p h ic a l ly ,  
s o lu t i o n  seams are cha rac te r ized  by increased q u a n t i t i e s  o f  ske le ta l  
gra ins  (e .g .  P la te  7F, 7H), reduced amounts o f  c o c c o l i t h / Nannoconus 
r i c h  m a t r ix  and high concen t ra t ions  o f  s m e c t i t e / i l l i t e  c lay  minerals  
(Sec t ion  3 . K . ) .  In c o n t ra s t ,  ad jacent chalk lenses (P la te  7G)
e x h i b i t  normal nannofoss i l  mudstone tex tu res  w i th  we l l  preserved and 
randomly o r ie n ta te d  c a lc is p h e re /p la n k to n ic  f o ra m in i f e ra  deb r is .
PLATE 9:
9A S.E.M. photomicrograph: General view o f  burrow f i l l  in
nannofossil  mudstones revea l ing  lo ose ly  cemented c o c c o l i t h  - r ich  
aggregates. Scale bar:  10 um. (sample: V, Log: B9).
9B S.E.M. photomicrograph: General view o f  chalk m a t r ix  w i th  poor ly
preserved Nannoconus (N) showing loose arrangement o f  p la tes .
Scale bar: 1 pm. (sample: T24A, Log: T4).
90 S.E.M. photomicrograph o f  p a r t i a l l y  preserved coccosphere.
Scale bar: 1 pm. (sample: V, Log: B9)
90 S.E.M. photomicrograph: C o c c o l i th *  w i th  p a r t l y  preserved
rhabd o l i th :  Predi scosphaera c re ta c e a . Scale bar:  1 pm.
(sample: T23, Log: T4).
9E S.E.M. photomicrograph : Cocco l i th  w i th  at tached rhab d o l i th :
Predi scosphaera c re tacea . Scale bar:  1 pm. (sample: T23, Log:
4).
9F S.E.M. photomicrograph: S o l i t a r y  c o c c o l i t h  o f  Watznaueri a
barnesae. Scale bar: 1 pm. (sample: T24A, Log: T4).
9G S.E.M. photomicrograph : Rhabdol i th o f  Microrhabdulus decora tus .
Scale bar: 1 pm. (sample: S20, Log: E2).
9H S.E.M. photomicrograph: General f i e l d  o f  view o f  nannofossi l
mudstone matr ix .  Occassional la rge  secondary cal c i  te c rys ta l
(SC) developed w i t h in  m a t r ix .  Scale bar:  10 pm. (sample: T24A, 
Log: T4).
91 S.E.M. photomicrograph: Cocco l i ths  and var ious c o c c o l i t h  remains
of Watznaueri a barnesae p a r t i a l l y  overgrown by la rge  secondary 
c a lc i te c r y s ta l s .  Scale bar: 1 pm. (sample: T24A, Log: T4).
9J S.E.M. photomicrograph: Cocco l i th  o f  Watznaueri a barnesae
p a r t i a l l y  consumed by secondary microspar.  Scale bar: 1
micron, (sample: T24A, Log: T4).
^ I d e n t i f i c a t i o n  o f  c o cco l i t h s  by J. Young, Imperial  Col lege.
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PLATE 10:
lOA S.E.M. Photomicrograph: Thin syn tax ia l  cement on c o c c o l i t h  (C)
and surrounding g ra ins .  Scale bar: 1 pm. (sample: T24A, log:
T4).
lOB Thin sect ion photomicrograph: A t y p ic a l  nannofoss i l  mudstone
composed o f  both fragmented and complete m ic r o fo s s i l s .  Randomly 
o r ien ta ted  in a b io tu rba ted  f a b r i c .  Scale bar :  500 pm.
(sample: T27, log:  T4).
IOC S.E.M. Photomicrograph: Fragmented remains o f  a p lankton ic
f o ra m in i f e r id  (PF) and ca lc isphere  (CS). Scale bar: 10 pm.
(sample: S20, log:  E2).
100 S.E.M. Photomicrograph: General view o f  a p lank ton ic
fo ra m in i f e r id .  Scale: 10 pm. (sample: T23, log:  T4).
lOE S.E.M. Photomicrograph : Poor ly preserved remains o f  a
ca lc isphere :  P i th one l1 a oval is  (Masters & Sco t t  1978). Scale
bar: 10 pm. (sample: S20, log:  E2).
lOF S.E.M. Photomicrograph : Poorly preserved ca lc isphere  (CS)
adjacent to p a r t i a l l y  d is in te g ra te d  p lank ton ic  f o r a m in i f e r i d
(PF). Scale bar: 10 pm.(sample: T23, log :  T4).
lOG S.E.M. Photomicrograph : P a r t i a l l y  d i s in te g ra te d  ca lc isphere .
Scale bar: 10 pm. (sample S20, log :  E2).
lOH S.E.M. Photomicrograph : Small equant stud shaped c r y s ta l s  from
d is in teg ra ted  ca lc ispheres .  Scale bar:  1 pm. (sample: T24A, log:  
E2).
101 S.E.M. Photomicrograph: S i l i c a  spherule w i t h in  m a t r ix  of
nannofossi l  mudstone. Scale bar: 10 pm. (sample: T24A, log:
E2).
lOJ S.E.M. Photomicrograph: Close up o f  s i l i c a  spherule.  Scale
bar: 1 pm. (sample: T24A, log:  E2).
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Occas iona l l y ,  rhomb-shaped pores (P la te  7G) may be found w i th in  chalk 
lenses but are absent from the s o lu t io n  seams.
Most nannofoss i l  mudstones are composed of  a loose c ry s ta l  f a b r i c  
o f  p r im a r i l y  nannofossi l  remains. Some pore areas are p a r t i a l l y  
i n f i l l e d  w i th  rare euhedral c a l c i t e  spar (e .g .  Plate 9H) or s i l i c a  
spherules (P la te  101, lOJ).  Close examinat ion o f  in d iv id u a l  grains 
(P la te lOA) show loca l  cementat ion by th in  syn tax ia l  overgrowths over 
c o c c o l i t h s  and separate gra ins  . Larger c a l c i t e  spar may develop in 
patches w i t h in  the m a t r ix  engu l f ing  nannofossi l  debr is  (P la te  91, 90).
D o lom i t ic  and dedo lom i t ic  replacement o f  the Nannofossi l  Mudstone 
Facies is  descr ibed in  d e ta i l  in chapter 5.
S . B . i i i .  Discussion:
3 . B . i i i . a .  Environment o f  d e p o s i t io n : Nannofossi l  mudstones are
in te rp re te d  as open marine pe lag ic  sediments in the sense o f  Jenkyns 
(1978) whereby carbonate mate r ia l  ( i . e .  nannofoss i1s ) is  b iochem ica l ly  
produced in the sur face waters and is  s lowly  deposited by 
g r a v i t a t i o n a l  s e t t l i n g  onto the sea f l o o r .  Within  the nannofossi l  
mudstones evidence f o r  pe lag ic  sedimentat ion is  seen in the dominance 
o f  nannofoss i l s  (e.g .  c o c c o l i t h s ,  p lank ton ic  forams and ca lc ispheres)  
and high m i c r i t e  content .  Only s l i g h t  f l u c t u a t i o n s  from high to low 
energy cond i t ions  are noted in  the crude f i n i n g  up o f  nannofossi l  
mudstones occu r r ing  above hardgrounds (e.g .  Plate 6B to 60).
The abundance o f  c o c c o l i t h  debr is  in these mudstones may also be 
compared w i th  recent  examples o f  c o c c o l i t h  chalks which are found in 
deep water environments (e .g .  Schol le 1977, Hancock 1980, Schol le e t  
al 1983) and some shal low water s e t t ings  (Schol le & K l ing  1972). 
Both environments are charac te r ized  by gene ra l ly  low rates o f  inpu t  of  
o ther  biogen ic  m ate r ia l  and te rr igenous d e t r i t u s .  However, Black 
(1953) and Hancock (1976) noted th a t  ra tes o f  nannofossi l  r i c h  chalk 
depos i t ion  were cons iderab ly  higher in shal low ep icon t inen ta l  
Cretaceous seas when compared w i th  modern deep sea chalks.  ' T h i s  
p oss ib ly  r e f l e c t s  high c o c c o l i t h  product ion  ra tes in surface waters 
(Schol le  e t  al 1983) which in  tu rn  are dependent on normal s a l i n i t i e s ,  
clean waters and r e l a t i v e l y  warm c l im a t i c  regimes (Black 1965).
The presence o f  la rge numbers o f  ca lc ispheres in nannofossi l  
mudstones (e .g .  Plates 7H, IDE to lOG) is  a t t r i b u te d  to the shal low 
cond i t ions  o f  depos i t ion .  This i n t e r p r e t a t i o n  is  based on the
comparison w i th  o ther  f i n e  grained ca lc isphere  r i c h  carbonates
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deposited in shal low to in te rmed ia te  water depth s e t t i n g s  (e.g .  Rupp 
1968, Bein & Reis 1976).
In ad d i t io n  to t h i s  i t  has been suggested by o ther  workers tha t  
much of  the Cretaceous chalk was o r i g i n a l l y  deposi ted as faecal 
p e l l e t s  (e.g .  Kennedy 1980, Hancock 1984) . Evidence f o r  t h is
nature o f  depos i t ion  i s  seen in  the Upper Cretaceous s h e l f  sea chalks 
o f  Kansas U.S.A.,  (H a t t in  1975a) where numerous copepod faecal  p e l le ts  
are preserved in  chalks which were deposi ted under anoxic 
environmental cond i t ions  and resu l ted  in l i t t l e  subs t ra te  des t ruc t ion  
by b iogenic  a c t i v i t y .  Fur ther  to t h i s ,  in  recent deep sea chalk
environments most o f  the c o c c o l i t h  debr is  is  deposi ted on the sea bed 
in the form o f  faecal  p e l l e t s  from plankton feeders such as copepods 
and tun ica tes  (Honjo 1975, 1976).
I t  is  the re fo re  envisaged t h a t  much o f  the Nannofossi l  Mudstone 
Facies o f  Haute Normandie may also have been deposi ted in the form of 
faecal  p e l l e t s  but have not been preserved because o f  b iogen ic  and 
compactional processes. This is  supported by Ginsburg 's (1957)
observat ions o f  faeca l  p e l l e t s  in  recent  shal low marine carbonate muds 
which " lose t h e i r  i d e n t i t y  several f e e t  beneath the depos i t iona l  
in te r f a c e " .  L ikewise,  Ekdale e t  al. (1984) noted in  recent deep sea 
oozes and carbonate muds t h a t  " s u p e r f i c i a l  t r a i l s  and faecal  cas t ings"  
are o b l i t e r a t e d  in  the upper b io tu rba ted  mixed la ye r  o f  the slow 
depos i t ing sediment.
Fu r ther  evidence f o r  the depos i t ion  o f  nannofoss i l  mudstones in 
r e l a t i v e l y  shal low seas is  seen by the predominance o f  we l l  preserved 
Thaiassi  noi des burrows (e.g.  Plates 6E, 7A - 7B, 8A - 8B). This
assumption is  determined on the notable absence o f  Thaiassi noi des 
t race f o s s i l  assoc ia t ions  w i t h in  deep water Cretaceous chalks o f  the 
North Sea (Hancock & Schol le 1975) and the Carr ibean (Warme e t  al 
1973)
The pos t -depos i t iona l  cons is tency o f  these mudstones can also be 
deduced from the p reserva t iona l  c h a r a c t e r i s t i c s  o f  burrow s t ru c tu re s .  
Many semi-compacted Thaiass ino ides burrow s t ru c tu re s  (e.g .  Plate 7B) 
are t y p i c a l l y  def ined by d i f f u s e  burrow w a l l s  which r e s u l t  from the 
t h i x o t r o p i c  cond i t ion  o f  mudstones near the sediment/water  i n te r fa c e .  
In many modern marine s e t t i n g s  t h i x o t r o p i c  c l a s t i c  muds preserve 
s im i l a r  d i f f u s e  burrow s t ruc tu res  (e .g .  Rhoads 1970, Walker 1974) 
w i th  water contents as high as 80-90% (Rhoads & Young 1971) and a
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sediment consis tency o f  low shear s t rengths  (Rhoads & Bayer 1982). 
With in  the Nannofossi l  Mudstones a high water con ten t ,  lead ing to the 
apparent t h i x o t r o p i c  nature o f  the sediment i s  assumed to  be g r e a t l y
enhanced by intense burrowing a c t i v i t y .  Evidence o f  p r o l i f i c
b io tu rb a t io n  i s  shown by the ub iqu i tous  m o t t l e - t e x tu re s  (e .g .  Pla te  
7B) occu r r ing  throughout these beds. Indeed, the absence o f  pr imary 
sedimentary s t ru c tu re s  is  most l i k e l y  to  be due to  b io tu rb a t i o n .
T h ix o t ro p ic  sediment c ond i t ions  have also  been i n f e r r e d  in  o ther  
Upper Cretaceous chalks (e .g .  Kennedy 1980, Frey & Bromley 1985). 
In modern marine c l a s t i c  muds, high water contents  have been noted to 
increase the ease o f  re-suspension by c u r re n t  and burrowing a c t i v i t y  
(Rhoads 1973, A l l e r  & Dodge 1974, Walker 1974). According to
Kennedy (1980) t h i x o t r o p i c  subs t ra tes  in  chalk were most " s us c ep t ib le  
to sediment re-suspension"  by winnowing cu r re n ts .  However, along the 
nor theast  coastal  sec t ion  o f  Haute Normandie the lack o f  e ros iona l
fea tu res  in  the massive and l a t e r a l l y  ex tens ive  mudstone beds suggest
more or  less  con t inua l  pe lag ic  sedimentat ion under low energy 
cond i t ion s .  In c o n t ra s t ,  w i t h i n  the channe l-scour complex along the 
southwest coastal  sec t ion ,  nannofossi l  mudstones are mod if ied  by 
p e r io d ic  high energy eros iona l  events producing a c h a r a c t e r i s t i c  
f i n i n g - u p  or  coarsening-up o f  beds. This r e s u l t s  in  sharp l a t e r a l  
v e r t i c a l  fa c ies  t r a n s i t i o n s  which are so t y p ic a l  o f  t h i s  sequence (see 
Chapter 4 ) .
In some nannofoss i l  mudstones more d i s t i n c t  Tha iass ino ides burrow 
s t ru c tu re s  are produced (P la te  8A - 8B) o f te n  assoc ia ted w i th  f l i n t  
replacement. These w e l l - d e f i n e d  burrows may i n f e r  f i r m e r  sediment
surface c ond i t ions  as shown by s i m i l a r l y  preserved burrow s t ru c tu re s  
found in  recent  de-watered marine muds (Rhoads 1970). 
A l t e r n a t i v e l y ,  these burrows may have occurred a t  some depth below the 
sediment water i n te r f a c e  where the sediment presumably conta ins less 
water due to  pr imary compaction (Rhoads 1973 ) .  D i s t i n c t  burrow 
s t ruc tu res  u s ua l l y  cross cu t  e a r l i e r  i n d i s t i n c t  m o t t led  burrow f a b r i c s  
which probably suggest p rogress ive dewater ing w i th  depth.  S im i la r  
burrowing fea tu res  have been recorded in o the r  chalk sediments from 
the Upper Cretaceous (Ekdale & Bromley 1983, Frey & Bromley 1985, 
B o t t j e r  1986).
3 . B . i i i . b .  D iagenes is : E x c e l le n t  accounts o f  d iagene t i c  cements
w i t h in  chalks have been given by a number o f  prev ious authors (e.g .
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Bathurs t  1971, Neugebauer 1973 & 1974, Schlanger & Douglas 1974, 
Matter  1974, Schol le 1974 & 1977). A d e ta i le d  ana lys is  o f  cements 
from the chalk fac ies  o f  Haute Normandie was not c a r r i e d  out in  t h i s  
study as i n i t i a l  observat ions have conf irmed those o f  previous 
workers.  However, data from S.E.M. (P la te  9H - 90) s tud ies  c l e a r l y  
demonstrate the growth o f  secondary c a l c i t e  w i t h in  the m a t r ix .
Secondary c a l c i t e  is  presumed to  i n i t i a t e  as overgrowths on 
sk e le ta l  debr is  ( i . e  i n d iv i d u a l  p l a t e l e t s  or  o the r  b iogen ic  gra ins)  
s im i l a r  to  some syn tax ia l  cements recorded by M at te r  (1974) in  North 
Sea cha lk samples. Plates 91 and 90 show the occurrence o f  spar
which was presumably der ived by the p r e f e r e n t i a l  'g row th '  o f  some o f  
the smal le r  m i c r i t e - s i z e  overgrowths (P la te  9H).
More conspicuous d iagenet ic  fea tu res  w i t h i n  the Nannofossi l  
Mudstones is  seen in the progress ive b u r ia l  compaction o f  a rg i l la c e o u s  
r i c h  burrow hor izons (P la te  7A, 7C to  7F) producing chalk f l a s e r  
f a b r i c s  ( c . f .  Garr ison & Kennedy 1977) which are cha rac te r ized  by 
re -o r i e n ta te d  m ic r o fo s s i l  fragments w i t h in  s o lu t i o n  seams (P la te  7F, 
7H). The hardened e l l i p s o i d a l  chalk lenses (P la te  7D) are considered 
to  be cemented by c a l c i t e  which o r ig i n a te d  form the compaction 
pressure s o lu t i o n  processes occu r r ing  w i t h in  the ad jacent  a rg i l la c e o u s  
r i c h  cha lk .  Microscop ic  evidence o f  un f rac tu red  m ic r o fo s s i l  t e s ts  
and rhombdohedral pores (P la te  7G) suggests t h a t  the sediment 
preserved w i t h in  the lens was l a r g e l y  p ro tec ted  from s i g n i f i c a n t  
compaction and pressure s o lu t i o n  processes. Thus a process o f
hardening chalk lenses i s  envisaged from the loca l  p r e c i p i t a t i o n  o f  
s o lu t i o n -d e r iv e d  c a l c i t e  i n to  the r e l a t i v e l y  s t r e s s - f r e e  area (e .g .  de 
Boer 1977) surrounding the compacted a rg i l la c e o u s  r i c h  chalk burrows. 
S im i la r ,  l a te  d iagenet ic  f a b r i c s  have been recorded in  o the r  carbonate 
rocks (e .g .  Logan & Semeniuk 1976, Wanless 1979). L i t t l e  evidence is  
found f o r  an e a r l y  cementat ion process f o r  these hardened chalk lenses 
(as descr ibed in  Sect ions 3 .C . ,  3 .E . ,  3 .F . ,  3 . 1 . ,  3 . J . ) .  E l l e r
(1981) noted t h a t  in  a d d i t io n  to  compactional pressure s o l u t i o n  e a r ly  
s o lu t i o n  seams may have p r e f e r e n t i a l l y  developed w i t h i n  burrow
s t ru c tu re s  r e s u l t i n g  f rom the loca l  b iogeochemical ly  induced a c id ic
environment. I t  i s  d i f f i c u l t  to apply E l l e r ' s  hypothesis to  the Haute 
Normandie examples where c l e a r l y  most a rg i l l a c e o u s  r i c h  burrow
horizons have undergone cons iderab le  b u r ia l  compaction (P la te  7E - 7F) 
and o v e r p r in t i n g  w i th  l a t e  pressure s o lu t i o n  f a b r i c s .
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3. C.  NANNOFOSSIL CHALKSTQNE FACIES
Nannofossi l  chalkstones occur w i th in  the Sennev i l le  and 
P ie r re -e n -P o r t  Formations along both the nor theast  (Sennev i l le  to 
southwest Pe t i tes  Da l les ,  g . r :  2,131-55,314 to 2,022-55,358) and
southwest ( T i l l e u l - E t r e t a t ,  g . r :  2,395-55,218 to 2,367-55,239) coastal  
sec t ions .  They were not recorded in the in land c l i f f  exposures along 
the River Seine. In con t ras t  to the s o f te r  chalk Nannofossi l
Mudstone Facies,  the harder chalks o f  the Nannofossi l  Chalkstone 
Facies show l im i t e d  development both l a t e r a l l y  and v e r t i c a l l y  w i th in  
the Haute Normandie sequence.
Lateral  and v e r t i c a l  v a r ia t io n s  w i th in  the Nannofossi l Chalkstone 
Facies i s  most prominent in the Sennev i l le  and P ie r re -e n -P o r t  
Formations o f  the channel-scour complex. This is  charac te r ised  by 
prominent fac ies  t r a n s i t i o n s  from nannofossi l  chalkstones in to  
nannofoss i l  mudstones, echinoderm wackestones and echinoderm 
chalkstones (descr ibed in de ta i l  in Chapter 4).  L i t h o lo g ic a l  
v a r ia t i o n s  w i t h in  the Nannofossi l Chalkstone Facies are descr ibed 
b e low:
3. C. i . General c h a r a c t e r i s t i c s  o f  the f a c i e s :
Most nannofoss i l  chalkstones are th in  (0 .1-1 metre t h i c k )  nodular 
chalks w i th  pebble to cobb le -s ize ,  hard chalk nodules o f  e a r l y  
cemented chalk surrounded by a s l i g h t l y  a rg i l la ceous  r i c h  s o f t  chalk 
m a tr ix  (P la te  l l A  - I IB ,  I I F ) .  These chalk nodules may be subangular 
to subrounded or  e l l i p s o i d a l  in  shape possessing sharp or  d i f f u s e  
ou te r  margins (e .g .  Plate l l A ) .  Nannofossi l  nodular chalks o f ten  
conta in  both i s o la te d  chalk nodules and some in te r l o c k in g  c lu s te r s  o f  
chalk nodules. Both upper and lower boundaries to nannofoss i l
nodular chalk hor izons are gradat ional  (e .g .  Plate I I B ) .
The in te rven ing  s o f t  chalk between the chalk nodules is  
thorough ly  b io tu rba ted  and commonly d isp lays  l i g h t  to dark grey 
Thai ass inoides burrows (P la te  l l A ) . Many o f  these a rg i l la ceous  r i c h  
chalk burrows d isp la y  c ons t r ic ted  i r r e g u l a r  shapes which d i s t i n c t l y  
avoid both nodules and nodular c lu s te rs  (e.g .  Plate I I B ) .  This may 
be p a r t l y  obscured in  many nannofossi l  nodular cha lks ,  where s o f t  
burrow s t ruc tu res  w i t h in  the in t rano du la r  matr ix  become compressed 
(P la te  l l A  - I IB ,  I I F )  through bu r ia l  compaction. With increased 
compaction, s o f t  burrow f a b r ic s  may be p a r t i a l l y  or  t o t a l l y  
o b l i t e r a t e d  by the development o f  pressure s o lu t i o n  seams (P la te  I I F ) .
PLATE 11;
I IA  Slabbed sample (two sawn faces cu t  a t  r i g h t  angles and o i l  
stained) o f  a nannofossi l  nodular chalk showing subrounded chalk 
nodules (CN). Semi-compressed burrows (CB) and f l i n t  (F) occur in 
surrounding s o f t  m a t r ix .  Scale bar :  50 cm. (sample: T34, log:
T4D).
I IB  Nannofossil nodular cha lks tone.  T i l l e u l  Plage. Nodular
nannofossi l  chalkstone (NC) a t  base superceded by nodular  f l a s e r  
(NF) f a b r i c .  Note: nodular f l a s e r  i s  cha rac te r ized  by f u l l y
compressed burrows and development o f  s o lu t i o n  seams. Scale : 
hammer handle (approx 25cm le n g th ) .
l i e  Photomicrograph: Nannofossi l  cha lks tone:  Thin sec t ion  through
margin o f  chalk nodule (CN) and surrounding s o f t  chalk matr ix  
(SC). Scale bar: 1mm in t e r v a l s ,  (sample: T35, log :  T4D).
I ID  Photomicrograph o f  chalk nodule shown in  ( I IC )  showing a dominant 
nannofossi l  mudstone composi t ion w i th  dispersed sponge spicule 
voids (S). Scale bar: 500pm. (sample: T35, lo g :  T4D).
HE Photomicrograph: Thin sec t ion  o f  s o f t  chalk m a t r ix  shown in
( l i e )  showing a s i l t y  nannofoss i l  mudstone composi t ion of 
nannofossi l  debris and o ther  s ke le ta l  m a te r i a l .  Scale bar: 
500pm. (sample: T35, log :  T4D).
I IF  Nodular f l a s e r  in  nannofossi l  nodular cha lks .  Chalk nodules (CN) 
f l i n t s  (F) and so lu t ion  seams (SS). Scale : Pen k n i f e  ( leng th :  
8cm).
I IH Photomicrograph: Thin sec t ion  through chalk nodule (CN) margin
and s o f t  so lu t ion  seam m a t r ix  (SS). Scale bar : 1mm in te r v a l s ,  
(sample: LS4B, log:  T9).
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The r e s u l t a n t  f a b r i c  o f  prominent th in  s o lu t io n  seams wrapped around 
hard chalk nodules have been termed "nodular chalk f l a s e r s "  by 
Garr ison and Kennedy (1977).  Usual ly,  however, nodular chalk f la s e rs  
are poo r ly  developed w i t h in  the Nannofossi l Chalkstone Facies o f  the 
Haute Normandie chalks.  Few occurrences o f  s o lu t i o n  seams have been 
observed in  the b io tu rba ted  in t rano du la r  m a t r ix .  Chalk f la s e rs  of, 
the Nannofossi l  Mudstone Facies (Sect ion 3 . B . i . )  are d i s t i n c t  from 
nodular cha lk f l a s e r s  (P la te  11 B)-The former are charac te r ized  by 
semi 1i t h i f i e d  e l l i p s o i d a l  chalk lenses/nodules and extens ive s o lu t io n  
seam development.
Burrow f l i n t s  and sponge f l i n t s  are poor ly  developed in
nannofoss i l  nodular chalks and are r e s t r i c t e d  to f l i n t  replacement o f
the s o f t  chalk i n f i l l i n g  Thaiassi noi des burrows between the chalk 
nodules (P la te  l l A  - I I B ) .  No f l i n t  replacement o f  compressed burrow
s t ru c tu re s  or  pressure s o lu t i o n  seams was found.
L i t h o lo g i c a l  v a r i a t i o n  w i th in  the Nannofossi l  Chalkstone Facies 
is demonstrated in  f i g u r e  40. Nannofossi l nodular chalks may pass
both l a t e r a l l y  and v e r t i c a l l y  i n to  nodular and massive nannofossi l
chalkstones a r i s i n g  from increased local  cementat ion o f  the chalk.
Nodular and massive nannofossi l  chalkstones are d is t ingu ished  from 
nannofoss i l  nodular chalks by the fo l low ing  fea tu res :
Nodular and massive nannofossi l  chalkstone hor izons range from 
0.4 to 1 metre th ickness and are charac te r ised  by an enlarged 
framework o f  i n t e r l o c k in g  chalk nodules (P la te  12A - 12B). Upper 
boundar ies to nodular and massive chalkstone hor izons usua l l y  lack 
g laucon i te  and phosphate m in e ra l i z a t io n .  Most hardgrounds d isp lay  a 
convoluted sur face topography. Some cong lomerat ic pebbles may
o v e r l i e  the hardground and/or i n f i l l  Thaiassinoides burrows which pass 
down through the chalkstone hor izon (P la te  12A). Thaiassi noi des 
burrows w i t h i n  nodular and massive nannofossi l  chalkstone hor izons 
possess small c i r c u l a r  o u t l i n e s  ( i . e .  stenomorphic bur rows),  sharp ly  
de f ined burrow margins and contorted i r r e g u l a r l y  branched b'urrow 
morphologies (e .g .  Plate 12A - 12B). Cemented Tha iass inoides burrow
i n f i l l s  o f  conglomerate/echinoderm r i c h  sediment may occur in the 
upper regions o f  nannofoss i l  chalkstones (P la te  12B) showing l i t t l e  
d i s t i n c t i o n  from the chalkstone framework. Other s o f t  chalk 
echinoderm r i c h  burrows are o f ten  do lomit ized or dedolomi t ized (Pla te 
12B). Lower boundar ies o f  nodular and massive nannofossi l
chalkstones are t y p i c a l l y  grada t ional  passing down in to  nodular
FIG. 40. (A) Photograph showing f i e l d  c h a r a c t e r i s t i c s  o f  the 
Nannofossi l Chalkstone Facies (NCF), no r theas t  T i l l e u l  Plage.  
(B) Schematic diagram o f  nannofoss i l  cha lkstones showing 
l i t h o l o g i c a l  v a r ia t i o n  from nodular chalks i n t o  nodular 
chalkstones and massive cha lkstones, assoc ia ted w i th  shallow 
scour development.
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PLATE 12;
12A Massive nannofossi l  chalkstone hor izon w i th  s imple hardground 
(SH) covered w i th  pebbles o f  cong lomerat ic  chalk (CC). From the 
Sennevi l le Formation, Aval Plage. Echinoderm te s ts  (E). Scale: 
coin (diameter 2 .5cm).
12B Massive nannofossi l  chalkstone hor izon showing small stenomorphic 
Thaiassinoides burrows (STB). Grey burrow i n f i l l s  a t  base are 
composed o f  dedolomit ized echinoderm packstones. Burrow i n f i l l s  
towards top o f  hor izon conta in  cemented cong lomerat ic  chalk (CC) 
i n f i l l s .  Scale: penkni fe (15cm).
12C Photomicrograph: Thin sec t ion  through margin o f  burrow passing
through a massive nannofoss i l  cha lks tone.  Burrow i n f i l l
composed o f  echinoderm packstone. Syntax ia l  overgrowths (SO)
on echinoderm gra ins .  Scale bar:  500pm. (sample: A35, log:  
A2).
120 Photomicrograph: Boring ( top cen te r )  c u t t i n g  through cemented
chalk o f  nannofossi l  massive cha lks tone.  Boring (BR) and sponge 
spicules (S). Scale bar:  500um. (sample: E15, lo g :  E4).
12E Photomicrograph: Nannofossi l  cha lkstone showing a nannofossi l
mudstone composi tion w i th  preserved sponge sp icu les  ( S) and 
occassional bor ings (BR). Scale:  500pm. (sample: E15, log:  
E4).
12F Photomicrograph: Nannofossi l  cha lkstone showing bored cemented
chalk (CM) and cemented chalk bor ing i n f i l l s  (BR). Scale bar: 
1mm in te r v a ls ,  (sample: E5, log :  E8).
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PLATE 13:
13A Thin sect ion photomicrograph: Nannofossi l  cha lks tone composed
dominantly o f  ca lc ispheres w i th  p la n k to n ic  f o ra m in i f e r a  and 
occassional patches o f  microspar  (MS). Scale bar:  500pm.
(sample: SCIO, log:  F6A)
13B S.E.M. photomicrograph: Well preserved c a lc is p h e re ;  Pi thonel  la
spherica (Kaufmann). Scale bar: 10 pm. (sample: TH3, log:
T12).
13C S.E.M. External view o f  p lank ton ic  f o ra m in i f e r a  w i th  outer
chamber ( l e f t  side) removed. Scale bar:  10 pm.
13D S.E.M. photomicrograph: In te rna l  view o f  p la n k to n ic  fo ram in i fe ra
te s t  showing syntax ia l  overgrowths.  Scale bar:  1 pm. (sample:
TH3, log:  T12)
13E S.E.M. photomicrograph: Calc isphere (CS) o f  P i t h o n e l la  Oval is
and in te rna l  void o f  p lank ton ic  f o ra m in i f e ra  (PF) w i t h i n  cemented 
nannofossi l  chalkstone m a t r ix .  Scale bar:  10 pm. (sample:
TH3, log:  T12).
13F S.E.M. photomicrograph : Calc isphere in  we l l  cemented nannofossi l
chalkstone matr ix .  Note: Calc isphere is  preserved as in te rna l  
mould. Scale bar: 10 pm. (sample: TH3, lo g :  T12).
13G S.E.M. photomicrograph: General view o f  nannofoss i l  chalkstone
matr ix w i th  i n t r a  microspar cement c r y s t a l s .  Scale bar:  10 pm.
(sample: TH3, log:  T12).
13H S.E.M. photomicrograph : Close up o f  nannofoss i l  chalkstone
matr ix  showing coc c o l i t h s  (C) and c o c c o l i t h  debr is  intei^persed
kMMLh la rge r  cement c r y s ta l s  (CM). Scale bar:  1 pm. (Jample:
TH3, log:  T12).
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overgrowths p ro t ru d in g  i n t o  the fo s s i l  chamber.
In a d d i t io n  to the biogen ic ske le ta l  remains o f  nannofossi l  
cha lkstones, there are la rge amounts of  anhedral cements or matr ix
grains (P la te  13H). A d e ta i le d  ana lys is  of  these anhedral cements has
not been c a r r i e d  out  in t h i s  study. However, descr ip t ions  by 
previous authors (e .g .  Bathurs t  1971, Schlanger & Douglas 1974, Matter 
1974, Kennedy & Garr ison 1975) c le a r l y  demonstrate the growth of  
these cements w i t h i n  small pores of  the chalk matr ix .  The 
p r e c i p i t a t i o n  o f  c a l c i t e  usua l ly  occurs as syntax ia l  overgrowths on 
c o c c o l i t h  and o the r  nannofoss i l  debris (Matter 1974). Data from th in  
sect ion and S.E.M. in  t h i s  study conf irms the observations made in 
these prev ious  s tud ies .
3 . C . i i i .  Di scuss ion :
The Nannofossi l  Chalkstones Facies are s im i l a r  in character  to 
"nodular  cha lks"  and " i n c ip i e n t / s im p le  hardgrounds" described by 
Kennedy and Garr ison (1975) from the Upper Cretaceous chalks of  
southern England. The i r  in te r p r e ta t i o n  o f  the development o f
i s o la te d  e a r l y  cemented nodules in unconsol idated chalk sediment and 
t h e i r  growth by f u r t h e r  cementation in to  a "framework o f  hardened
chalk" is  also app l ied  to the format ion o f  the Nannofossi l Chalkstone
Facies o f  Haute Normandie. This cementation process is demonstrated 
in nannofoss i l  chalkstones by the l i t h o l o g i c a l  gradat ion from nodular 
chalks i n t o  nodula r  and massive chalkstones and vice-versa (Fig.  40).
Evidence o f  sea f l o o r  exposure o f  nannofossi l  chalkstones is  most 
conspicuous in  nodular  and massive nannofossi l  chalkstone l i t h o lo g ie s  
which may produce bored (e .g .  Plate 12D - 12F) and eroded hardground 
surfaces (P la tes  I IB ,  12A - 12B, Fig.  40) in d ic a t in g  sea f l o o r  
exposure and bottom c u r re n t  a c t i v i t y .  In con t ras t ,  the more l a t e r a l l y  
and e x te n s iv e ly  developed nannofossi l  nodular chalk l i t h o lo g ie s  show 
v i r t u a l l y  no in d i c a t i o n  o f  sea f l o o r  exposure. An ea r ly  cemented
o r i g i n  f o r  nannofoss i l  nodular  chalks is  shown by the fo l low ing  
fea tures  :
-1. A d i s t i n c t  lack o f  petrographical  l y  def ined bur ia l  compaction 
fea tu res  (P la te  I IC - I ID ,  I IG) w i th in  chalk nodules which 
are c l e a r l y  de f ined in the surrounding s o f t  matr ix  (Plate 
H E ,  I IG)  - such as fragmented m ic ro fo s s i l s  and prefer red
o r i e n t a t i o n  o f  g ra ins .
2. Preserved f o s s i l  voids o f  s i l i ceous  sponge spicules (e.g.
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Plate I ID )  w i t h in  chalk nodules but absent w i th in  the 
surrounding m a t r ix .  In Section (3 . J . )  sponge spicules are 
shown to be d isso lved out dur ing ea r ly  diagenesis.
3. Occurrence o f  stenomorphic Thaiassinoides (Bromley 1967, 
1975) d is p la y in g  c o n s t r ic te d  and i r r e g u l a r l y  branched burrow 
morphologies (P la te  12B) con t ras t ing  to regu lar  branched 
' i d io m o rp h ic '  burrows o f  s o f t  chalk nannofossil  mudstones 
(Sect ion  3 . B . i .  - Plate 8B). Bromley (1975) in te rp re ts
stenomorphic Tha iassinoides as an at tempt by the borrower to 
keep burrow s t ruc tu res  open and avoid the cemented nodules 
forming w i t h i n  the chalk sediment.
4. La tera l  and v e r t i c a l  t r a n s i t i o n s  in to  nodular and massive
nannofoss i l  chalkstones which are subsequently depicted by
d i s c o n t i n u i t y  surfaces in the form of submarine hardgrounds. 
Thai assi  noi des burrows are well  preserved in massive
nannofoss i l  chalkstones d isp lay ing  c i r c u l a r  c ross-sect ions of  
burrows (P la te  12A, 12B) and there fo re  ind ica te  ear ly
p rese rva t ion  by the f a c t  they show no in d ic a t io n  of  
compact ional deformat ion.
Nannofossi l  nodular chalks are also envisaged to have formed
under predominant ly  low energy cond i t ions  due to the d i s t i n c t  lack of  
eros iona l  and resed imenta t ion features such as:
1. Abraded nodule margins together w i th  winnowed pelagic
sediment.
2. Slumped or  mass f low  features (see Section 3.M.) .
In a d d i t io n  to t h i s ,  both l i t h o l o g i c a l  and pétrographie evidence 
in d ica tes  an in  s i tu cementat ion of  nannofossi l  mudstones by the 
fo l  1owi ng fea tu res  :
1. S im i la r  nannofoss i l  mudstone composi tion between nodule and 
surrounding m a t r ix .
2. A l l  chalk nodules are compos i t iona l ly  s im i l a r .
Slow pe lag ic  sedimentat ion rates are of ten ind ica ted  by the 
existence o f  mar ly -cha lks  o v e r r id ing  omission surfaces immediately 
o v e r ly ing  nannofoss i l  nodular  chalk hor izons (Sect ion 3 . K . i .  - Plate 
29). Where mar ly -cha lks  are not preserved in d ic a t ions  of  t h e i r
former ex is tence  are given by a rg i l laceous  r ich  chalk-burrow i n f i l l s  
which presumably piped down marly -cha lk  in to  in t rano du la r  matr ix  areas 
o f  nannofoss i l  nodular chalks (P la te  11A - I IB ) .
In c o n t ra s t ,  nodular  and massive nannofossil  chalkstones are
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i n d i c a t i v e  o f  h igher  energy regimes as shown by evidence o f  sea f l o o r  
exposure and subsequent hardground format ion w i th  local  development of  
conglomerat ic chalks and echinoderm wackestones/packstones (Pla te 12A 
- 12B, Fig.  40).  Not s u r p r i s i n g ly ,  most nodular and massive
nannofoss i l  cha lkstones are developed w i th in  the channel-scour complex 
showing marked l a t e r a l  and v e r t i c a l  fac ies  t r a n s i t i o n s  in to  Echinoderm 
Chalkstone and Echinoderm Wackestone Facies.
A slowing or  cessat ion o f  pe lag ic  sedimentat ion is  therefore 
considered to be the c o n t r o l l i n g  environmental in f luence on the 
format ion o f  nannofoss i l  chalkstones (as shown from the above 
evidence).  Current  a c t i v i t y  may cont ro l  the amount and ra te  of
chalkstone development, p a r t i c u l a r l y  in the format ion o f  massive 
chalkstones. S im i la r  features are also found in recent ear ly
cemented carbonate fac ies  along the Northern Bahamian Bank (Mul l ins  e t  
al 1980) where i t  was noted tha t  " r e l a t i v e l y  strong bottom cur rents  
are needed to supply la rge  volumes o f  sea water f o r  cementation" of  
the carbonate sediment. Cementation o f  nannofossi l  chalkstone may 
also be in f luenced  by open burrow s t ruc tu res  and general burrowing 
a c t i v i t y  o f  the unconsol idated sediment thus f a c i l i t a t i n g  a passage of  
water through the sediment. Bromley (1975) re fe r red  to th is
mechanism as the " f l u s h in g  a c t i v i t y "  o f  burrowing organisms.
The added a f f e c t  o f  cu r ren t  a c t i v i t y  is  the reduct ion of  pelagic 
sedimentat ion and the resuspension o f  deposited sediment. However, 
one o f  the most s t r i k i n g  features o f  nannofossil  chalkstones is  the 
dominant f i n e  grained nannofossi l  mudstone composi tion o f  the 
sediment. I t  i s  the re fo re  assumed tha t  a r e l a t i v e l y  rap id change
from low to high energy cond i t ions  (see discussion in Chapter 4) is 
respons ib le  f o r  the format ion o f  chalkstones. The process s ta r t s  by 
the i n i t i a l  depos i t ion  o f  nannofossi l  mudstone on the sea f l o o r .  With 
a s l i g h t  increase in  c u r re n t  a c t i v i t y  pe lag ic  sedimentat ion is  reduced 
or ceases. These cu r ren ts  may also provide the necessary f lush ing  of  
pore waters f o r  cementat ion o f  the sediment. A con t inua t ion  of  these 
cond i t ions  r e s u l t s  in f u r t h e r  cementation and the development of  
massive chalkstones from nodular chalkstones and nodular chalks.  
The ove ra l l  e f f e c t  o f  the cementation process is  to preserve much of 
the o r i g i n a l l y  deposited pe lagic sediment w i th in  a r e l a t i v e l y  
r é s i s t e n t  massive chalkstone framework. Highest energy condi t ions 
are exper ienced u s u a l l y  when massive chalkstones are f u l l y  formed and
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exposed to the sea f l o o r  as shown by the development o f  bored, 
encrusted and eroded hardground surfaces. Erosion of  the chalkstone 
produces cong lomerat ic  c la s ts  and the in te rven ing  chalk matr ix  is' 
c h a r a c t e r i s t i c a l l y  winnowed in to  an echinoderm wackestone/packstone 
(e.g .  Plate 12B - 12C). Occasional ly ,  conglomerate chalks i n f i l l  the 
open Thai assi  noi des burrows and may become recemented in to  the 
chalkstone framework (e .g .  Plate 12A - 12B). Indeed, most o f  the 
1i t h i f i c a t i o n  o f  nodular  chalks in to  nodular and massive nannofossi l  
chalkstones takes place before any form o f  high erosional  a c t i v i t y  as 
shown by the d i s t i n c t  lack o f  conglomerate chalks associated w i th  
nannofoss i l  nodular chalks.
In genera l ,  s l i g h t  increases in cu r ren t  v e l o c i t i e s  are,  f o r  the 
most p a r t ,  respons ib le  f o r  chalkstone development through the
cementat ion o f  nannofoss i l  mudstone sediments. The' occurrence of  
chalkstone i s  discussed f u r t h e r  in  r e la t i o n  to the channel and scour 
sequences o f  Haute Normandie (Chapter 4).
3.D. ECHINODERM WACKESTONE AND PACKSTQNE FACIES:
The Echinoderm Wackestone and Packstone Facies occurs w i th in  the 
Sennev i l le  and P ie r re -e n -P o r t  Formations along the southwest coastal 
sect ion  o f  Haute Normandie ( T i l l e u l  to É t re ta t ,  g . r :  2,395-55,218 to 
2 ,367-55 ,239) .  Most echinoderm wackestones and packstones are
dominant ly developed w i t h i n  the channel-scour complexes. The fac ies 
shows marked rap id  l a t e r a l  and v e r t i c a l  gradat ion in to  Nannofossi l
Mudstone, Nannofossi l  Chalkstone, Echinoderm Chalkstone and 
Conglomerat ic Chalk Facies.
3. D. i . General c h a r a c t e r i s t i c s  o f  the fac ies
In the f i e l d ,  echinoderm r ich  beds are of ten 
do lom i t ized /dedo lom i t ized  g iv ing  r is e  to a c h a r a c t e r i s t i c  dark to
l i g h t  orange coloured s ta in  (P la te 14A - 14C, 14F). Beds of
echinoderm wackestones and packstones (0 .1-3 metres th ickness) are 
de l im i ted  by f a i n t  omission surfaces and hardgrounds (e .g.  Plate 14B). 
There, are two main forms o f  bedding geometry:
1. Concave-up bedding (e.g .  Plate 14A) which form w i th in  channel 
s t r u c tu r e s .  These echinoderm wackestone and packstone beds 
may th icken  or t h in  l a t e r a l l y  towards the centre of  the
channel s t ru c tu re .
2. Concave down bedding (e.g .  Plate 14C) comprising the ridge
PLATE 14;
14A Channel s t ru c tu re  composed o f  echinoderm wackestone and 
echinoderm mudstone-wackestone. From the P ie r re -e n -P o r t
Formation, nor theast E t r e ta t .  Note; dark coloured beds 
represent dedolomit ized (DD) echinoderm wackestone.
14B Margin o f  channel s t ru c tu re  w i th in  channel-scour complex,
northeast  E t re ta t  Plage, showing dedolomit ized echinoderm 
wackestone beds. Omission surface (OS).
14C Channel margin w i t h in  channel-scour complex, nor theas t  E t r e ta t .  
Lateral  th inn ing  o f  f i n i n g - u p  ( f )  beds ( r i g h t  to l e f t )  o f
echinoderm packstone/wackestone to echinoderm
mudstone-wackestone. I n c ip i e n t  hardground ( IH).
140 Photomicrograph : Echinoderm wackestone from upper h a l f  o f  the
upper f i n in g -u p  bed shown in Plate (14C). Composed o f  d ispersed 
s i l t  to sand-sized echinoderm gra ins .  Note: f l a t t e n e d  and
Iractured ostracod carapace (OC). Scale bar: 500 pm. (sample:
E49, Log: E7).
14E Photomicrograph: Echinoderm packstone at  base o f  the upper
f in in g -u p  bed shown in Plate (140).  Composed o f  s i l t  to
sand-sized echinoderm grains w i th  occas ional syn tax ia l  
overgrowths (SO). Note: Rhombohedral pores (R) in m a t r ix .
Scale bar: 500 pm. (sample: E50A, log:  E7).
14F Burrow f l i n t s  t rac ing  Thaiassinoides burrows (TB) w i t h in  
do lom it ized /dedo lom i t ized  echinoderm wackestone. Scale:
penkni fe ( leng th  8cm).
140 Slabbed sample ( o i l  s ta ine d ) :  Echinoderm mudstone-wackestone
d isp lay ing  a mott led b io tu rba ted  f a b r i c ,  (sample: E43, log :  E6).
14H Photomicrograph: Echinoderm wackestone. Cr ino id  g ra in  (ON)
penetrated by numerous microbor ings (MB). Rhombohedral pores 
(R) in nannofossi l  r i c h  m a t r ix .  Scale bar: 500 pm. (sample:
E l l ,  log:  E3).
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s t ru c tu re s  o f  interchannel  regions.  These beds th icken 
l a t e r a l l y  away from the margin o f  channels (More de ta i led  
de s c r ip t i o n s  o f  bedding w i th in  the channel-scour complex are 
given in  Chapter 4 ) .
Most echinoderm wackestone and packstone beds are thoroughly 
b io tu rb a te d  (P la te  14F - 14G) and lack pr imary sedimentary s t ruc tu res .  
Many t h in  echinoderm packstone beds (approx 10 cm th ickness)  occur 
w i t h in  shal low depressions o f  hardground sur faces . Crude f in i n g - u p
from echinoderm packstones to echinoderm wackestones is  sometimes
preserved (P la te  14C).
A rg i l l a ceous  r i c h  chalk burrow i n f i l l s  and associated chalk 
f l a s e r  f a b r i c s  are absent from the Echinoderm Wackestone and Packstone 
Facies.  F l i n t  replacement o f  Thaiassi  noi des burrows is  most common 
(e .g .  P la te  14F) and sponge f l i n t s  are subord inate in occurrence. 
However, few f l i n t s  are associated w i th  very coarse grained echinoderm 
packstone sediments.  F l i n t s  developed in  do lom i t ized /dedo lom i t ized  
echinoderm wackestone and packstone beds have t y p ic a l  orange coloured 
r i n d s .
3 . D. i i . Composit ion o f  echinoderm wackestones and packstones:
C lus te r  ana lys is  o f  the Echinoderm Wackestone and Packstone
Facies (F ig .  28) shows two broad sediment d i v i s i o n s :
1. Echinoderm mudstone-wackestones (F ig .  28 - column A) are
composed o f  3-17% echinoderm gra ins supported in  a dominant ly 
c a l c i s p h e r e / f o r a m in i f e r i d  r i c h  m a t r ix  (e.g .  Plate 15A).
2. Echinoderm wackestones/packstones (F ig .  28 - column B) 
conta in  9-56% echinoderm grains w i th  loca l  concentra t ions o f  
f o l i a t e d  oys te r  s h e l ls  (4-9%) and up to 5% s k e l e t a l / p e l l e t a i  
phosphate gra ins  (P la te  15G). The m a t r ix  is  dominated by 
f i n e  s i l t - s i z e d  p a r t i c l e s  o f  echinoderm d e t r i t u s  (Pla tes 14D 
- 14E, 14H, 15G - 15H).
This d i v i s i o n  o f  echinoderm wackestone and packstone sediments 
r e f l e c t s  two dominant depos i t iona l  c h a r a c t e r i s t i c s  o f  the fa c ie s :
'1. F in ing -up  sequences. For example echinoderm
wackestones/packstones t y p i c a l l y  f ine -up  in to  echinoderm 
mudstone-wackestones (e .g .  Plate 14C).
2. Sediment w i t h in  the channel-scour complex: Echinoderm
wackestones/packstones are r e s t r i c t e d  to beds a t  the base o f  
channel and scour s t ru c tu re s .  Whereas echinoderm
PLATE 15:
15A Photomicrograph: Echinoderm mudstone-wackestone. Bored
echinoderm grain in  cent re .  Scale bar: 500pm. (sample: E7,
log:  E3).
15B D is in teg ra ted  sample (1 .0  to -1 .0  phi f r a c t i o n )  o f  echinoderm* 
wackestone d isp la y ing  la rge  as te ro id  oss ic les  (AO) o f  V a le t ta s te r  
o c e l1atus (Forbes) and some bryozoan (BY) p a r t i c l e s .  Scale bar: 
1mm in te r v a l s ,  (sample: E43, Log: E6).
150 D is in teg ra ted  echinoderm wackestone sample ( -1 .0  phi f r a c t i o n )
d isp lay ing  an assortment o f  ech inoid plates (P) and spines (S).
Scale bar: 1mm i n t e r v a l s ,  (sample: E79, Log: E l l ) .
150 D is in teg ra ted  echinoderm wackestone sample o f  1.0 phi f r a c t i o n
d isp lay ing  dominant echinoderm components o f  ho lo thu ro id  oss ic les  
(HO), echinoderm p la tes  (P),  spines (S) and Roveocrinus (R) 
oss ic les .  Scale bar:  1mm i n te r v a l s ,  (sample: E43, log :  E6).
15E D is in teg ra ted  echinoderm wackestone sample o f  the 0.0 phi 
f r a c t i o n  o f  a picked assortment o f  echinoderm gra ins .  Scale 
bar: 1mm in te r v a l s ,  (sample: E79, log:  E l l ) .
15F Photomicrograph: Echinoderm gra in  w i t h in  echinoderm wackestone
showing geopetal s tuc tu res  w i t h in  bor ings (BR). Rhombohedral (R) 
pores are represented by black holes in m a t r ix .  Scale bar: 
500pm. (sample: E23, lo g :  E4).
15G Photomicrograph: Echinoderm packstone w i th  occas ional  oyste r
she l l  f ragments (0 ) .  Bored (BR) echinoderm grains.
Rhombohedral pores (R). Scale bar: 500 pm. (sample: CA, log:
E8).
15H Photomicrograph: Echinoderm packstone d isp lay ing  syntax ia l
overgrowths (SO). Scale bar: 500 pm. (sample: E58B, log:  E9).
*Assistance w i th  i d e n t i f i c a t i o n  o f  echinoderm grains from Dr A.S. 
Gale, C i t y  o f  London Po ly techn ic .
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mudstone-wackestones compose both the bedding o f  
channe l-scour  s t ru c tu re s  and in te rchanne l -scou r  areas (e .g .  
" in te rchanne l  r id g e s " -  see Chapter 4) sediments.
De ta i led  pé t rograph ie  ana lys is  o f  the Echinoderm Wackestone and 
Packstone Facies invo lved t h in  sect ion p repara t ion  and bulk sample
d i s i n t e g r a t i o n  o f  s o f t  echinoderm mudstone-wackestone samples (as 
descr ibed by Sur lyk 1972). Dis aggregated samples o f  echinoderm 
mudstone-wackestones revealed a considerab le  assortment o f  sand-sized 
s ke le ta l  debr is  (P la te  15B - 15E) most o f  which can be i d e n t i f i e d  as 
coming from fo u r  echinoderm groups. These are l i s t e d  below in order  
o f  abundance;
1. Ech ino ids:  A v a r i e t y  o f  ske le ta l  fragments which inc lude
p la te s ,  tube rcu les ,  spines and teeth  (P la tes  15C - 15E).
2. C r ino ids :  (a) Sess i le  forms: ske le ta l  fragments inc lude
o s s ic le s ,  c i r r i  and ca lyx p la te s ,  (b) Free swimming forms: 
s ke le ta l  remains o f  modif ied p la tes  (e .g .  Pla te  15D).
3. H o io th u ro id s : ske le ta l  g ra ins  o f  in d iv id u a l
s c l e r i t e s / s p i c u l es (e.g .  Plate  15D).
4. As te ro ids  (minor group) - producing os s ic les  (e .g .  Plate
15B).
Most echinoderm b io c la s t s  have an average g ra in  diameter ranging 
from 0 .25 -4 .0  mm though some o f  the la rg e r  ech ino id  p la tes  and tee th  
may be up to 1 cm in leng th .
In both d i s in te g r a te d  sediment samples and t h in  sec t ion ,
ho lo th u r id s  are nea r ly  always found as complete sand-sized grains 
desp i te  t h e i r  d e l i c a te  s k e le ta l  s t ru c tu re  (P la te  15D). In c o n t ra s t ,  
t h in  ech ino id  p la tes  (e .g .  Phymosomatida and Palaeodiadema) o f ten  
occur  as f ragmented g ra ins .  Indeed, ech ino id  tes ts  are r a re l y
preserved whole in echinoderm wackestones and packstones; most are 
p a r t i a l l y  o r  t o t a l l y  broken down in to  t h e i r  basic ske le ta l  components 
(e .g .  Plate 15C, 15E). Most c r i n o i d  stems and arms are
d i s a r t i c u l a t e d  i n t o  separate oss ic les  but oc c as iona l ly  whole or 
p a r t i a l l y  preserved calyxes are found. Thick c r i n o i d  os s ic les  (e.g .  
I s o c r i  nus) are r a r e l y  f ragmented (P la te  15B). A s te ro id  and
ho lo thu ro id  remains are always found as d i s a r t i c u l a t e d  oss ic les
randomly d i s t r i b u t e d  throughout  the chalk m a t r ix .
Borings ( i . e .  Entobia c re tacea) are most common in  ske le ta l
components o f  ech ino ids  and sess i le  c r in o id s  (P la tes  14H, 15F - 15G) 
but not found in  h o lo th u r id  or Roveocrinus o s s ic le s .  Borings are
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of ten  preserved as m i c r i t i c  and/or syn tax ia l  cement f i l l e d  voids (e.g.  
Plates 14H, 15G) some d is p la y in g  d i s t i n c t  geopetal i n f i l l s  (P la te
15F). Encrust ing organisms ( i . e .  membranipori form bryozoa, benthonic 
forams or  sponges) are on ly  found at tached to the l a rg e r  sand to 
g ranu le -s ized  s k e le ta l  debr is  o f  ech inoids and s e s s i le  c r in o id s .
In c o n t r a s t ,  most echinoderm packstones are composed o f  sand 
grade c r i n o i d  and echinoderm gra ins in te rspersed  w i th  fragments o f  
f o l i a t e d  o y s te r  s h e l l s  (e .g .  P la te  15G - 15H). The m a t r ix  is  mainly 
composed o f  s i l t - s i z e d  echinoderm debr is  admixed w i th  small amounts o f  
c a l c i  sphere and plank to n ic  fo ra m in i f e ra  m a te r ia l .
Sub-rounded echinoderm gra ins occur in echinoderm packstones 
(P la te  15G - 15H) and are sometimes d i f f i c u l t  to d i s t i n g u i s h  from 
o r i g i n a l l y  round shaped c r i n o i d  o s s ic le s .  Echinoderm packstones were 
not s u c c e s s fu l l y  disaggregated owing to the wel l  cemented nature o f  
the sediment. Cementation o f  echinoderm gra ins occurs as syn tax ia l  
overgrowths (e .g .  P la te  15H). Most syn tax ia l  r im cements (0.01 -
0.2mm diameter)  have dusty appearances and i r r e g u l a r  cuspate or 
s t r a i g h t  ou te r  margins in  con tac t  w i th  the surrounding s i l t y  m a t r ix .  
S i l t - s i z e d  b iogen ic  components are o f ten  re - c r y s ta l  1ized a t  the outer  
margin o f  s y n ta x ia l  overgrowths.  Under cathodoluminescence syn tax ia l  
overgrowths are non f l u o re s c in g  and show no i n d ic a t i o n  o f  in te rn a l  
zoni ng.
A common fe a tu re  o f  both echinoderm wackestones and packstones is 
the p a r t i a l  replacement o f  the f i n e  grained chalk m a t r ix  by 
do lom ite /dedo lom ite  rhombohedra and rhombohedral dedolomite pores 
(e .g .  Plates 140 - 14E, 14H, 15F - 15G). This aspect is  discussed in 
d e ta i l  in chapter  5.
S . C . i i i .  D iscussion :
Mil l iman (1974) noted th a t  al though echinoderms c o n t r i b u te  to 
marine sediments in  a wide spectrum o f  modern environments,  the 
"echinoderm te s ts  and fragments seldom comprise more than 15% o f  any 
carbonate sediment".  This is  supported by the few repor ts  o f
echinoderm r i c h  sediments occu r r ing  in  recent environments.  S co f f in  
e t  al (1980) however did record some high concentra t ions  o f  echinoderm 
accumulat ions and loca l  re -work ing w i t h in  subphot ic environments o f  
the Rockal l Bank, nor theas t  A t l a n t i c .  Echinoderm r i c h  chalks have 
been documented by Woodroof (1981) from Devon, England composed of  
"so r ted  c r i n o i d  and s t a r f i s h  ossicles" w i t h in  scour hol lows.
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S i m i l a r i l y  the occurrence o f  the Echinoderm Wackestone and 
Packstone Facies w i t h i n  the channel -scour complex o f  Haute Normandie 
is a t t r i b u t e d  to l o c a l i z e d  high energy co n d i t io n s .  This is  r e f l e c te d  
in the f i e l d  by the l a t e r a l  d i s c o n t i n u i t y  o f  bedding (concave 
geometries) and c lose fac ies  assoc ia t ions  o f  echinoderm chalkstones, 
nannofoss i l  cha lkstones and cong lomerat ic  chalks (see Chapter 4).  
R e la t i v e l y  good s o r t i n g  and occasional abrasional  rounding of  
echinoderm g ra ins  w i t h i n  echinoderm packstones is  i n d i c a t i v e  of
cu r re n t  re -work ing  (P la te  15B, 15G - 15H). The s i l t y  m a t r ix  o f
echinoderm packstones may suggest winnowing or  non-depos i t ion o f  
pe lag ic  c o n s t i t u e n ts .  F lu c tu a t in g  high to low energy cond i t ions  are 
expressed in  the sporad ic  f i n i n g - u p  sequences o f  echinoderm packstone 
to wackstone bedding (e .g .  Plate  14C). Lower energy c ond i t ions  are 
expressed in  the increased amount o f  pe lag ic  c o n s t i tu e n ts  and poor 
s o r t i n g  o f  g ra ins  g i v in g  r i s e  to t y p ic a l  echinoderm 
mudstone-wackestones (e .g .  P la te  ISA).
Higher and more cont inuous energy cond i t ions  poss ib ly  pe rs is ted  
dur ing the fo rm at ion  o f  Echinoderm Wackestone/Packstone Facies than 
dur ing the depos i t ion  o f  the Bryozoan Wackestone/Packstone Facies.  
This i s  surmised from the com plex i t ies  o f  fac ies  sequences o f  
Echinoderm Wackestones/Packstones w i t h in  the channel -scour complex 
when compared w i th  the s im p ler  channel s t ru c tu re s  and fa c ie s  sequences 
o f  Bryozoan Wackestones/Packstones (see Chapter 4 ) .
The preference o f  bryozoans to g en e ra l l y  q u ie te r  energy
cond i t ions  (Stach 1936) away from the d e s t ru c t i v e  in f luences  o f  too 
strong a c u r re n t  regimes (Ryland 1970) may exp la in  why bryozoans are 
subordinate to echinoderms in the Echinoderm Wackestone/Packstone 
Facies. In a d d i t i o n ,  Se i lâcher  (1982) noted th a t  both echinoderm and 
phosphat ic g ra ins  show g re a te s t  res is tance  to abrasion in success ive ly  
re-worked storm sediments thus in d i c a t i n g  an in c re a s in g ly  "mature 
deposi t " .
The lack o f  c u r re n t  induced sedimentary s t ru c tu re s  (e .g .  r i p p l e s ,  
cross lam ina t ions )  suggest ex tens ive sediment homogenization by 
burrowing a c t i v i t y .
3.E. ECHINODERM CHALKSTONE FACIES
The Echinoderm Chalkstone Facies occurs p r im a r i l y  w i t h in  the 
Sennev i l le  and P ie r re -e n -P o r t  Formations along the T i l l e u l  to E t r e ta t  
coastal sec t ion  ( g . r : 2 , 395-55,218 to 2,367-55,239).  Most echinoderm
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chalkstones are r e s t r i c t e d  to basal bedding w i t h in  the channel 
s t ru c tu re s  o f  the channel -scour complex (see Chapter 4 ) .
Echinoderm chalkstones t y p i c a l l y  show la t e r a l  and v e r t i c a l  fac ies  
t r a n s i t i o n s  i n t o  the Echinoderm Wackestones and Packstones, 
Nannofossi l  Chalkstones and Nannofossi l  Mudstones Facies.
3 . E . i .  General c h a r a c t e r i s t i c s  and composi t ion o f  the f a c i e s :
In the f i e l d ,  echinoderm chalkstones form two d i s t i n c t i v e  
subfacies :
3 . E . i . a .  Interbedded Echinoderm Chalkstone Subfacies:  These are the
most common form o f  echinoderm chalkstones producing 0.3 to 1 metre 
t h ic k  concave-up bedding w i t h in  channel s t ru c tu re s  (P la te  16A). 
Echinoderm nodular chalks are composed o f  an assortment o f  
i n t e r l o c k in g  chalk nodule morphologies e x h i b i t i n g  c lose packing in a 
s o f t  do lom i t ized /de do lom i t i zed  chalk m a t r ix  (P la te  16B). Most nodules 
are def ined by sharp ou ter  margins but show no apparent i n d ic a t i o n  of  
sur face bor ings  and/or enc rus ta t ion s .  T ig h t  stenomorphic
Thaiass inoides burrows may be preserved in the surrounding matr ix  
occass iona l ly  replaced by t h in  in te rconnec t ing  burrow f l i n t s  (P la te  
16B - 16C).
Echinoderm nodular  and massive cha lkstones,  on the o ther  hand, 
possess a r i g i d  framework o f  i n t e r l o c k in g  chalk nodules w i th  no f l i n t  
or  nodular f l a s e r  development. Lower and upper boundaries of
echinoderm nodular chalk and echinoderm nodular and chalkstone 
horizons are t y p i c a l l y  g rada t iona l  showing v e r t i c a l  and la t e r a l  
t r a n s i t i o n s  from one to the o ther  (e .g .  Plate 16A). The upper 
boundary to nodular and massive chalkstone hor izons are usua l l y  more 
sharp ly  def ined and charac te r ized  by f a i n t  i ron  s tained simple 
hardground sur faces.
Echinoderm chalkstones show c h a r a c t e r i s t i c  d i f fe rences  in 
composi t ion and tex tu res  between the cemented chalk and s o f t  çhalk 
m atr ix  (P la te  16E - 16F). Most chalk nodules ( i . e .  nodular  chalks) 
and in t e r l o c k in g  nodular frameworks ( i . e .  nodular and massive 
cha lks tones) are composed o f  echinoderm mudstone-wackestones w i th  
preserved sponge sp icu le  voids (P la te  16E). A l t e r n a te l y ,  the
surrounding chalk m a t r ix  i s  composed o f  echinoderm 
wackestones/packstones w i th  no preserved sponge sp icu le  voids (P la te 
16F). The s o f t  i n t r a - n o d u la r  chalk m a t r ix  o f  echinoderm nodular
f l a s e r  may conta in  a f a b r i c  o f  subpara l le l  e longate ske le ta l  fragments
PLATE 16:
16A Interbedded massive (MC) and nodular (NC) echinoderm chalkstones, 
from nor theast  T i l l e u l  Plage. Scale:  hammer head (15cm).
16B Nodular echinoderm chalkstone composed o f  i n t e r l o c k in g  chalk
nodules w i th  small amounts o f  in te rven ing
do lom i t ized /dedo lom i t ized  s o f t  chalk matr ix  (grey c o lo u r ) .  From 
nor theast T i l l e u l  Plage. Note: Fau l t  (F) and f a u l t  brecc ia
(FB). Scale:  coin (1 cm d iamete r) .
16C Photomicrograph: Sect ion through margin o f  chalk nodule (CN) and
s o f t  chalk matr ix  (SM). White porous patches in s o f t  ma tr ix  
in d ic a te  rhombohedral pore aggregates.  Note: f i n e  ho r izon ta l  
cracks in chalk nodule.  Scale bar:  1mm in te r v a l s ,  (sample:
T52, log:  T7).
16D Slabbed sample ( o i l  s ta ined)  o f  echinoderm nodular chalk showing
chalk nodules (CN), i n t e r l o c k in g  chalk nodules ( ICN), burrows 
(B),  and f l i n t s  (F) .  Scale bar:  10mm. (sample: T52, log:
T7).
16E Photomicrograph: Cemented chalk o f  nodule composed o f  an
echinoderm mudstone-wackestone w i th  s p a r - f i l l e d  sponge sp icu les  
(S). Echinoderm g ra in  (E), Scale bar:  500um. (sample: LS4D,
Log: T9).
16F Photomicrograph (cross po la r ized  l i g h t ) :  So ft  i n t ra n o d u la r
matr ix  composed o f  an echinoderm wackestone. Echinoderm gra ins 
(E) and rhombohedral pores (R). Scale bar: 500um. (sample:
LS4C, log :  T9).
16G Slabbed sample ( o i l  s ta ine d ) :  Top surface o f  a massive
echinoderm chalkstone d isp la y ing  eroded hardground w i th  
chalkstone pebbles (CP). F l i n t  (F ).  Scale bar: 10mm. (sample: 
T54, log:  T7).
16H Photomicrograph: Echinoderm packstone i n f i l l i n g  pa r t  o f  a burrow
w i th in  massive echinoderm chalkstone hor izon. Scale bar: 500um. 
(sample: T46, Log: T6).
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(P la te  16F). In c o n t ra s t ,  the uncemented burrow i n f i l l  sediments of  
echinoderm nodular and massive chalkstones may conta in  randomly 
o r ie n ta te d  echinoderm packstones (P la te  16H).
In the f i e l d ,  e ros iona l  fea tu res  o f  both nodular and massive 
echinoderm chalkstones are o f ten  d i f f i c u l t  to d i s t i n g u i s h  because the 
r e s u l t i n g  eros iona l  fea tu res  (e .g .  conglomerate chalks and scours) are 
recemented in to  the e x i s t i n g  chalkstone hor izons (e .g .  Fig 41).  
Echinoderm conglomerate chalkstones f re q u e n t l y  e x h i b i t  d i f f u s e  c la s t  
margins w i t h in  the cemented chalk m a t r ix  (F ig .  41D) . '  Thus, 
r ecogn i t ion  o f  cong lomerat ic  c la s ts  in  chalkstones is  shown by subt le  
v a r ia t i o n s  in co lou r  (e .g .  l i g h t  grey to wh i te )  to the surrounding 
chalkstone m a t r ix .
Echinoderm conglomerate chalkstones are l o c a l l y  developed in the 
upper po r t ions  o f  echinoderm chalkstone hor izons,  occas i o n a l l y  
i n f i l l i n g  shal low scour-shaped depressions (e .g .  Fig 41A). The 
o r i e n ta t i o n  o f  these scour s t ru c tu re s  cannot be determined due to 
t h e i r  two dimensional p reserva t ion  in the c l i f f  sec t ions .  Most 
hardgrounds o f  echinoderm massive chalkstones are eroded (e .g .  Fig.  
41C) producing sca t te red  cong lomerat ic chalks.
Do lomite/dedo lomite rhombdohedra and rhombdohedral pores (e.g .  
Plate 16D, 16F) are dominant in the s o f t  chalk m a t r ix  but in f requen t
w i t h in  the chalk nodules (P la te  16D). Some chalk nodules are
charac te r ized  by subhor izonta l  cracks (P la te  16D).
S . E . i . b .  Interbedded Burrowed Echinoderm Chalkstone Subfac ies : This
subfacies forms a lo c a l i z e d  l e n t i c u l a r  depos i t  u s u a l l y  banked up 
aga ins t  the sloped margins o f  c e r ta in  channel s t ru c tu re s  w i t h in  the 
channel-scour complex. Burrowed echinoderm chalkstones form a close 
l a t e r a l  and v e r t i c a l  fac ies  assoc ia t ion  w i th  cong lomerat ic  chalks (see 
Sect ion 3 . E . Ü . )  and massive echinoderm packstones (P la te  17A).
Burrowed echinoderm chalkstones are t h in  0.1 to 0.4 metre th ick  
hor izons composed o f  burrow-shaped Thaiassi  noi des networks (P la te  17A
- 170), thus showing a marked d i f f e re n c e  to the rounded/subangular
nodular f a b r i c s  o f  in terbedded echinoderm nodular chalks and
nodular/massive echinoderm chalks tones.
The upper boundar ies o f  burrowed echinoderm chalkstones are
sharp ly  def ined by i r r e g u l a r  pebbly hardground surfaces o f ten
charac te r ized  by shal low depressions con ta in ing  conglomerat ic chalk 
(P la te  17B). The hardground sur faces are not
FIG. 41: (A) Small scour hol low in echinoderm chalkstone f i l l e d  w i th  
chalk pebbles and s o f t  m ar ly -cha lk .  Aval Plage. Scale:  lens 
cap (5cm d iamete r) .  (B) Slabbed sample ( o i l  s ta ined)  from 
scour hol low (shown in A) showing cong lomerat ic c la s ts  (CC) 
surrounded by burrowed mar ly -cha lk  (MC) w i th  occasional  
s o lu t i o n  seams (SS). Scale: coin (2cm d iameter) .  (C) Eroded 
massive echinoderm chalkstone hor izon showing conglomerat ic 
c la s ts  cover ing hardground, i n f i l l i n g  burrows and cemented 
in to  the massive chalkstone hor izon.  From Val leuse de 
Jambourg, Aval Plage. Note: f a u l t  (F) t ru n c a t in g  the
chalkstone (scale bar: 50cm). (D) Slabbed sample ( o i l
sta ined)  from upper pa r t  o f  a massive echinoderm chalkstone 
hor izon showing cong lomerat ic c la s ts  (CC) cemented in to  
chalkstone sample, (sample: A35, lo g :  A2). (E) Diagrams 1 to 
4 are a schematic i n t e r p r e t a t i o n  o f  the var ious erosion (E), 
sedimentat ion (S) and cementat ion (diagonal  l i n e s )  stages 
occur r ing  w i t h in  massive echinoderm chalkstones.
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gl aucon i t ized /phosphat ized  but may e x h i b i t  patches o f  bored chalkstone 
(P la te  17B). Most lower boundaries to echinoderm burrowed
chalkstones are grada t iona l  (P la te  17A - 17C) though some may show 
planar  contacts  w i th  under ly ing  echinoderm packstones (e .g .  Plate 
17A). The cemented chalkstone is  composed o f  predominant ly
echinoderm mudstone-wackestones w i th  few sponge s p icu le  voids (P la te  
17F). In c o n s t ra s t ,  the m atr ix  surrounding burrowed echinoderm
chalkstones is  composed o f  coarse grained echinoderm packstones and 
gra ins tones .
Massive echinoderm packstones are well  cemented 0.2 to 0.8 metre 
th i c k  beds which are t y p i c a l l y  s ta ined by a fe r rug inous  ye l low /o range 
co lou r  (P la te  17A). Echinoderm packstones are composed o f  poor ly  
sor ted s i l t  to sand-sized echinoderm gra ins  overgrown by t h in  
syn tax ia l  overgrowths (P la te  17E). Rhombohedral dedolomite pores 
(P la te  17E) are u s u a l l y  sparsely  d i s t r i b u t e d  w i t h in  the s i l t y  m a t r ix .  
Burrow and sponge f l i n t s  r a r e l y  occur w i t h in  both burrowed echinoderm 
chalkstones or  massive packstones.
Thin 0.1 to 0.5 metre t h i c k ,  f i n i n g - u p  cong lomerat ic  chalk beds 
are sometimes interbedded w i th  burrowed echinoderm chalkstone/massive 
packstones and are composed o f  va r ious ,  poor ly  sor ted ,  angular to 
subrounded pebbles and i r r e g u l a r  shaped burrow cha lkstone cobbles 
(P la te  17A). Most c h a r a c t e r i s t i c  is  the ex is tence o f  angular to
subangular pebbles o f  echinoderm gra ins tone (P la te  17G) composed o f  
sand-sized echinoderm gra ins w i th  small amounts o f  i n t e r s t i t i a l  
s i l t / f i n e  sand-sized m a t r ix  (P la te  171). In t h i s  case the echinoderm 
gra ins  are encased in  a more cont inuous and t h i c k e r  syn tax ia l  
overgrowths than those seen in  massive echinoderm packstones. 
Subsequent cathodoluminescence examinat ion c a r r ie d  out  in t h i s  study, 
revealed s in g le  generat ions  w i t h in  these c a l c i t e  overgrowths.
Three major pét rograph ie  d i f fe rences  e x i s t  between the echinoderm 
gra ins tone c la s t s  and the neighbour ing massive echinoderm packstone 
beds; ''
1. Large syn tax ia l  c a l c i t e  overgrowths around in d iv i d u a l  
echinoderm g ra ins .
2. Reduced m a t r ix  (<5%) o f  s i l t / s a n d  sized deb r is .
3. Absence o f  do lom ite /dedo lom ite .
PLATE 17:
17A Interbedded burrowed echinoderm chalkstones (BEC), nor theast  
E t r e ta t  Plage. Massive echinoderm packstones (MEP),
conglomerate chalk (CC), p lanar  e ros iona l  sur face (PE) at  top o f  
massive echinoderm packstone. Scale bar:  30cm.
17B Thin hor izon o f  burrowed echinoderm chalkstone (BEC) from 
nor theast  E t r e t a t ,  showing in te rbeds o f  massive echinoderm 
packstone (MEP) and conglomerat ic chalk (CC). Note:
conglomerat ic chalk (CC) i n f i l l i n g  scour hol low. Scale:  lens
cap (5cm d ia m e te r . )
17C Burrowed echinoderm chalkstone (BEC) interbedded w i th  massive 
echinoderm packstone (MEP), nor theast  E t r e ta t .  Note: cont inuous
'box works'  o f  id iomorph ic  Thai assinoides burrows w i th  cemented
echinoderm chalkstone burrow i n f i l l s :  Scale: lens cap (5cm
di ameter) .
17D Slabbed sample ( o i l  sta ined)  showing c la s ts  o f  burrowed 
echinoderm chalkstone (BEC) and echinoderm packstone (MEP). Scale
bar: 10mm. (sample: E58, log:  E9).
17E Photomicrograph: o f  massive echinoderm packstone showing th in
syntax ia l  overgrowths (SO) on in d iv i d u a l  echinoderm gra ins .
Rhombohedral pores (R) in  m i c r i t i c  m a t r i x .  Scale bar:  500pm.
(sample: 58B, Log: E9)
17F Photomicrograph: o f  burrowed echinoderm chalkstone showing
cemented sediment composed o f  echinoderm mudstone-wackestone. 
Echinoderm gra ins  (E) and sponge sp icu les  (S).  Scale bar: 
500pm. (sample: E58A, log :  E9).
17G Slabbed sample ( o i l  s ta ine d ) :  Conglomerat ic chalk from above
echinoderm chalkstone hor izon.  Conglomerate c la s ts  composed of  
cemented echinoderm gra ins tone (EG) and burrowed echinoderm 
chalkstone (BEC) in  s o f t  dedolomit ized echinoderm packstone. 
Scale bar:  10mm. (sample: E57, lo g :  E9).
17H Photomicrograph : sec t ion  through cemented echinoderm gra instone
c la s t  (EG). So f t  m a t r ix  (M) composed o f  echinoderm wackestone 
w i th  numerous dedolomite rhombohedral pores (wh i te  specks). 
Scale bar: 1mm i n t e r v a l s ,  (sample: E57, log :  E9).
171 Photomicrograph: Echinoderm packstone/g ra ins tone from cemented
c la s t  shown in  Plate (17H). Note: poor s o r t i n g  o f  echinoderm 
(E) g ra ins  w i th  la rge  syn tax ia l  overgrowths (SO) and small 
amounts o f  s i l t y  m a t r i x .  Scale bar:  500pm. (sample: E57, log:
E9).
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3 . E. i i . D iscuss ion :
1■Interbedded Echinoderm Chalkstone Subfac ies : Echinoderm nodular
chalks show many s im i l a r  l i t h o l o g i c a l  c h a r a c t e r i s t i c s  to nannofoss i l  
nodular chalks but show a g reater  degree o f  n o d u la r i t y  o f  i r r e g u l a r  
nodular  c lu s te r s  (e .g .  Plate 16B). Echinoderm nodular chalks a r ise  
from the p a r t i a l  e a r l y  cementation o f  echinoderm mudstone-wackestone 
sediment producing d i s t i n c t i v e  hardened nodules.  An e a r l y  cement 
o r i g i n  f o r  these nodules is shown by the fo l l o w in g  fea tu re s :
(a) Randomly o r ie n ta te d  and uncompacted sediment preserved w i t h in  
the cemented chalk o f  the nodule (P la te  16E).
(b) Presence o f  spar f i l l e d  s i l i c e o u s  sponge sp icu le  voids w i t h in  
nodules (P la te  16E) which are absent in  surrounding 
'compacted' chalk (see Sect ion 3.0.  ).
(c)  Loca l ized occurrence o f  scour s t ru c tu re s  and re-worked 
nodular i n f i l l s  producing conglomerat ic chalks and 
cong lomerat ic  chalkstones (F ig .  41).
(d) La tera l  and v e r t i c a l  t r a n s i t i o n s  in to  nodular and massive 
echinoderm chalkstones (e.g .  Plate 16A) which are 
cha rac te r ized  by marked submarine d i s c o n t i n u i t i e s  in  the form 
o f  bored and eroded hardground surfaces (P la te  16G).
Echinoderm nodular chalks are envisaged to occur in  h igher  energy 
cond i t ions  than those o f  nannofossi l  nodular  chalks as shown from 
evidence o f  c u r re n t  a c t i v i t y  and re-work ing (No.(c)  above). The 
echinoderm chalkstones show a more complex 1i t h i f i c a t i o n  process and 
s t ronge r  bottom cu r re n t  cond i t ions  producing scour s t r u c tu re s ,  
cong lomerat ic  pebble i n f i l l s  and resedimented eros iona l  phases.
2. Burrowed Echinoderm Chalkstone Subfac ies : These chalkstones are
envisaged to be the product o f  p r e f e r e n t i a l l y  e a r l y  cemented burrows 
o f  f i n e  grained echinoderm mudstones-wackestones formed a t  the top o f  
massive echinoderm packstone beds. Evidence o f  e a r l y  cementat ion o f  
these burrow i n f i l l s  is  shown by the r i g i d  framework o f  w e l l -p rese rved  
burrow morphologies (e.g .  Plate 17C) showing no i n d i c a t i o n  o f  
post-compact iona l  d i s t o r t i o n .  Synsedimentary eros ion o f  burrowed
echinoderm chalkstone frameworks produces scours and chalkstone 
pebbles (e .g .  P la te  17B).
The var ious sedimentary and eros iona l  processes invo lved in the 
fo rmat ion  o f  burrowed echinoderm chalkstones (F ig .  42) are best 
explained by the fac ies  assoc ia t ion  o f  conglomerat ic chalks/massive
FIG. 42; (A) Schematic diagram showing crude f i n i n g - u p  fac ies  sequence 
o f  cong lomerat ic chalks (CC), massive echinoderm packstones 
(MEP) and burrowed echinoderm chalkstones (BEC). (B) 
Schematic diagram showing the poss ib le  stages o f  development 
o f  burrowed echinoderm chalkstones (1 to 5 ) .  1. Pause in
depos i t ion  and winnowing (W) o f  massive echinoderm packstone 
(mep) producing loca l  depos i ts  o f  echinoderm grainstone (eg).
2. Sedimentat ion o f  echinoderm mudstone-wackestone (emw).
3. Long pause in sed imentat ion associated w i th  cont inuous 
bottom c u r ren t  (C) a c t i v i t y  g i v in g  r i s e  to cementation and 
product ion  o f  burrowed echinoderm chalkstones.  4. Strong 
bottom c u r re n t  (c) a c t i v i t y  generat ing eros ive scours (s) and 
conglomerat ic chalks (cc ) .  5. Remnant burrowed echinoderm
chalkstone (BEC) o v e r la in  by conglomerat ic chalk (CC).
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echinoderm packstones and burrowed echinoderm chalkstones which 
dep ic ts  pronounced g rade d / f in ing -up  sequences. Burrowed echinoderm 
chalkstones are formed at  the top o f  the fac ies  sequence (F ig .  42A) 
presumably dur ing q u ie te r  energy cond i t ions  r e s u l t i n g  in  depos i t ion  
and i n f i l l i n g  o f  open Tha iass ino ides w i th  f i n e r  grained echinoderm 
wackestones a t  the top o f  massive echinoderm packstones (F ig .  428.1 - 
2) .
Cementation o f  burrowed echinoderm chalkstone i n f i l l s  also 
extends beyond the burrow margins and l i t h i f i e s  a d ja c e n t .echinoderm 
packs tone /g ra ins tone sediments (F ig .  428.3) .  Subsequent erosion and 
hardground development produces conglomerat ic chalk o f  subangular to 
subrounded pebbles der ived from both cemented burrowed chalkstone and 
echinoderm gra ins tones (F ig .  428. 4, Plate 17G).
3.F.  8RY0ZQAN WACKESTONE AND PACKSTQNE FACIES
The Bryozoan Wackestone and Packstone Facies occurs w i t h i n  the 
P ie r re -e n -P o r t  and Yport  Formations along nor theas t  E t r e ta t  to Fecamp 
( g . r ; 2 , 367-55,239 to 2,201-55,283) and Grandes Dal les  to Veule t tes 
(g .r :2021-55 ,358  to 1,938-55,950) coastal  sec t ions .  Most coarse 
grained bryozoan packstones occur w i th in  la rg e -s c a le  channel 
s t ru c tu re s  o f  the Yport Formation ( i . e .  Le Banc à Cuve). Some 
bryozoan wackestones develop w i t h in  the channel-scour complex o f  the 
P ie r re -e n -P o r t  Formation between T i l l e u l  to E t r e ta t  ( g . r :  2,395-55,218 
to 2 ,367-55 ,239).
3.F.  General c h a r a c t e r i s t i c s  o f  the f a c i e s :
Two subfac ies  were d is t ingu is hed  in the bryozoan wackestone and 
packstone fa c ie s  based on the fo l l o w in g  c h a r a c t e r i s t i c s :
3 . F . i . a .  Bryozoan Mudstone-Wackestone Subfacies: Massive 0.5 to 3
metre t h i c k ,  s o f t ,  wh i te  chalk beds o f  bryozoan mudstone-wackestone 
comprise most o f  the Bryozoan Wackestone and Packstone Facies^ In 
the f i e l d ,  they us u a l l y  appear as s t r u c t u r a l l y  homogenous chalk 
sequences con ta in in g  few pr imary bedding fea tures  (P la te  18A). 
Bedding planes in  the form o f  f a i n t  omission surfaces are d i f f i c u l t  to 
de tec t  due to the lack o f  c o n t ra s t  and sediment v a r i a t i o n  w i t h in  the 
fa c ie s .  F l i n t  bands (P la te  188) may pick out prominent
Thai assino ides burrows passing down from the omission surface w i t h in  
the upper region o f  the beds. Many omission surfaces are obscured by 
random f l i n t  development which may span several bedding boundar ies.
PLATE 18:
18A Massive bryozoan wackestone bedding, nor theas t  Banc à Cuves. 
P a ra l le l  bedding i n fe r r e d  by prominent burrow f l i n t  hor izons.  
Height o f  c l i f f :  approx 50 metres.
18B Beds o f  bryozoan mudstone-wackestone, southwest Fecamp. Fa in t  
omission surfaces (OS) occur above prominent burrow f l i n t  
hor izons and a t  con tac t  w i th  mar ly -cha lk  (MC) in te rbeds .  
M ic ro fa u l t  (MF) and v e r t i c a l  f rac tu re /c leava ge  due to p rox im i ty  
o f  Fecamp Fau l t .  Scale bar:  50cm.
18C Photomicrograph: B io turbated bryozoan wackestone f a b r i c .  Note:
random o r i e n ta t i o n  o f  fragmented bryozoan gra ins .  Scale bar: 
500 um. (sample: CH, lo g :  B4).
180 Photomicrograph : Bryozoan wackestone w i th  s i l t y  m a t r ix  o f  mainly
bryozoan fragments.  Note: s l i g h t  p re fe r red  o r i e n t a t i o n  o f
g ra ins .  Scale bar: 500 um. (sample: PDB, log:  F19B).
18E Photomicrograph : Bryozoan mudstone-wackestone. Well preserved
sand to g rave l -s ized  bryozoan gra ins w i th  encrus ter  (EN) and 
microbor ings (MB). Scale bar:  1mm in t e r v a l ,  (sample: T24B,
log:  T4).
18F Disaggregated sample o f  byozoan wackestone. Coarse f r a c t i o n  
( -1 .0  - 4.0 phi )  main ly  composed o f  fragmented bryozoans. Scale 
bar: 1mm in t e r v a l s ,  (sample: C5, log :  86)
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Thinner,  0.3 - 0.5 metre t h ic k  beds o f  bryozoan wackestone w i th
numerous burrow f l i n t s  u s ua l l y  occur above bryozoan chalkstones (see 
Pla te  21) assoc ia ted w i th  channel s t ru c tu re s .
3 . F . i . b .  Bryozoan Packstone-Wackestone Subfac ies : Small scale 0.1
to 0.5 metre t h i c k  f i n i n g - u p  beds (Pla tes 198, 20A, 200),  occur as the 
basal beds to some la rg e -s c a le  channel s t ruc tu res  (P la te  19A). 
Burrows are in f r e q u e n t ;  t h i s  i s  ev iden t  from the p reserva t ion  o f  the 
fo l l o w in g  sedimentary s t r u c tu r e s :
(a) F a in t  mm-cm s ize  laminat ions (Pla tes 190, 20E, 20F)
(b) F a in t  p lanar  bedding planes (Pla tes 198, 20A, 200).
F a in t  a r g i l l a c e o u s  r i c h  lam ina t ions  may be associated w i th  the f i n e r
grained bryozoan wackestones towards the top o f  the beds. These 
lam ina t ions  are shown to be pr imary sedimentary fea tures  by the 
c r o s s - c u t t i n g  r e la t i o n s h i p  o f  the burrow s t ruc tu res  (e .g .  Plate 20E). 
W ith in  o the r  beds pr imary laminat ions  are enhanced by compactional 
pressure s o l u t i o n  fea tu res  (P la te  20F).
A v a r i e t y  o f  d i f f e r e n t  f l i n t  morphologies are associated w i th  
bryozoan packstone-wackestone bedding. Burrow f l i n t  bands (0 .1 -1 .5  m 
t h i c k )  p a r a l l e l  to sedimentary bedding o f ten  occur over an in te r v a l  
cover ing several  bedding boundar ies (P la te  20A, 200). Beds o f  whi te
chalk between burrow f l i n t  bands are sometimes charac te r ized  by la rge
(0.3 to 1.0 metres he igh t )  c y l i n d r i c a l  nodular f l i n t  replacement (e .g .  
P la te  20A, 200) resembling paramoudras (e.g .  Kennedy 1975, Bromley e t  
al 1975). Plate 20A shows a paramoudra f l i n t  o r ien ta ted
perpend icu la r  to bedding and c ro s s -c u t t in g  bedding planes and
sedimentary laminae. Many paramoudra f l i n t s  d isp lay  v e r t i c a l  to
s ubv e r t ic a l  s i l i c e o u s  replacement around a s lender unbranched t race 
f ^ s i l  burrow.
Tabulate and semi tabu la te  f l i n t s  (P la te 19B) are t h in ,  5-20 cm, 
layers  or  bands o f  f l i n t  which are best developed in the sm a l l -sca le  
f i n i n g - u p  bedding a t  the base o f  la rge scale channel s t ru c tu re s .
Tabulate f l i n t s  rep lace the f i n e r  grained laminated bryozoan
wackestones towards the top o f  the f i n i n g - u p  cyc les.  Tabulate f l i n t s  
form by the coalescence o f  burrow f l i n t s  and the re fo re  represent  
hor izons o f  g rea te r  s i l i c a  replacement. I t  i s  poss ib le  to
demonstrate a t y p i c a l  sequence o f  increased s i l i c i f i c a t i o n  along
sec t ion  (P la te  19B) from small to la rge burrow f l i n t s  and f i n a l l y  
t o t a l  s i l i c a  replacement in  the form o f  tabu la te  f l i n t s .  Tabulate 
f l i n t s  developed w i t h i n  the Bryozoan Packstone-Wackestone Subfacies
PLATE 19:
19A Massive beds o f  bryozoan mudstone-wackestone truncated by channel 
s t ruc tu re  (CH) nor theas t  Banc à Cuves. Small scale f i n in g -u p  
beds (FB) o f  bryozoan packstone to wackestone or  bryozoan
wackestone to mudstone-wackestone occur w i th in  basal channel
i n f i l l .  Height o f  C l i f f  i s  approx 70m.
19B Plane bedded bryozoan packstone to wackestone or  bryozoan
wackestone to mudstone-wackestone, nor theas t  Porte d'Amont. 
Fa in t  p lanar  bedding planes separa t ing each f i n i n g - u p  bed. 
Prominent tabu la te  f l i n t  bands ( i . e .  black bands) and burrow 
f l i n t  bands. Scale: ladder  (30cm i n t e r v a l s ) .
19C Slabbed sample ( o i l  s ta ined)  o f  small scale f i n i n g - u p  bed o f
bryozoan packstone (BP) grading up in to  a bryozoan wackestone 
(BW) w i th  f a i n t  lam inat ions  (L ) .  Occasional f l i n t  (bot tom l e f t  
hand co rne r ) .  Scale bar:  10mm. (sample: B5, log:  B l ) .
190 Photomicrograph : Bryozoan wackestone showing s l i g h t  p re fe r red
o r i e n ta t i o n  o f  s i l t  to sand-sized bryozoan (BY) grains.  
Occasional echinoderm (E) g ra in .  Scale bar: 500 pm. (sample:
BS4, log :  B l ) .
19E Photomicrograph : Bryozoan packstone composed o f  in tense ly
fragmented bryozoan (BY) mate r ia l  ranging from s i l t  to sand-sized 
gra ins .  Occasional echinoderm gra ins  (E). Scale:  500 pm. 
(sample: B53, log:  B l ) .
19F Photomicrograph : Bryozoan packstone w i th  rhombohedral pores (R)
in chalk m a t r i x .  Scale bar: 500 pm. (sample: T69, log:  T12).
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PLATE 20:
20A Small scale beds (FB) o f  bryozoan wackestone f i n i n g - u p  in to  
laminated (L) mudstone-wackestones, Va l leuse du Curé. Paramoudra 
f l i n t  (P). Scale bar:  50cm.
20B Photomicrograph: Bryozoan mudstone-wackestone upper laminated
pa r t  o f  a f i n i n g - u p  bed shown in  Plate (20A). Note: s l i g h t
p re fe r red  o r ie n ta t i o n  o f  e longate bryozoan g ra ins .  Scale bar:
500 pm. (sample: 07, lo g :  B5).
200 Photomicrograph : Bryozoan wackestone from base o f  bed shown in
Plate (20A) composed o f  randomly o r ie n ta te d  s i l t  to sand-sized
fragmented bryozoan g ra ins .  Scale bar:  500 pm. (sample: 06, 
log :  B5).
200 Small scale f i n i n g - u p  (FB) bedding o f  bryozoan wackestones to 
mudstone-wackestones, Val leuse du Cure. Note: f a i n t  laminat ions 
(L) occur towards top o f  beds. Paramoudra f l i n t  (P): Scale:
30cm.
20E Slabbed sample ( o i l  sta ined)  showing t h in  pr imary laminae (PL) of  
s l i g h t l y  a rg i l la ceous  r i c h  chalk cross cut  by burrow mott les  
(BM). Scale bar: 10mm. (sample: V05, log B5).
20F Slabbed sample ( o i l  s ta ine d ) .  Pr imary laminae enchanced by 
pressure s o lu t ion  producing a rg i l la c e o u s  r i c h  laminae (AL).
Also cross sec t ion  o f  burrow f l i n t s  (F) and f ra c tu re d  brachiopod
(BH). Scale bar: 10mm. (sample: T68, log:  T12).
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are t y p i c a l l y  b lack ,  v i t r e o u s  and bounded b y  wh i te  r inds .
Chalk f l a s e r s  and o the r  pressure s o lu t i o n  fa b r i c s  r a re l y  occur 
w i t h in  bryozoan wackestone-packstones.
3 . F. i i . Composit ion o f  bryozoan wackestones and packstones
Bryozoan wackestones are composed o f  8-31% bryozoan debr is  
dispersed in a s i l t y  chalk m a t r ix  (P la tes 18C - 18D, 19D, 19F, 20B - 
20C). Occasional bryozoan packstones occur w i th  up to 60% bryozoan 
debr is  (P la te  19E). The chalk m a tr ix  o f  bryozoan
wackestones/packstones g e n e ra l l y  y ie ld s  la rg e r  q u a n t i t i e s  o f  benthonic 
f o ra m in i f e ra  (up to 4%) than is  found in o ther  fa c ie s .
Bryozoan wackestones d isp lay  a wide range o f  p reserva t ion  
fea tures  (P la tes  18C - 18E). Most bryozoan wackestones e x h i b i t
ex tens ive  s k e le ta l  breakdown producing poor ly  sor ted sand to 
s i l t - s i z e d  fragments o f  bryozoans. Some bryozoan wackestones contain 
we l l  preserved sand-sized bryozoan grains (P la te  18E). A l l  bryozoan 
packstones con ta in  sand and s i l t - s i z e d  bryozoan fragments.
M o t t led  b io tu rb a te d  fa b r i c s  are most common in bryozoan 
wackestones (P la te  20C) composed o f  randomly arranged fragmented 
ske le ta l  g ra ins .  Other bryozoan wackestones (Pla tes 190, 20B)
e x h i b i t  bedding p a r a l l e l  o r i e n ta t i o n  o f  e longate bryozoan g ra ins .
S im i la r  f a b r i c s  (P la te  180) o f ten  show local  g ra in  r e o r ie n ta t io n
(mix ing) by burrowing a c t i v i t y .
Microbor ings and encrusters  are a common fea tu re  w i th in  most 
sand-sized bryozoan debr is  (P la te  18E). Bryozoan wackestones and 
packstones which are l o c a l l y  developed w i t h in  the channel-scour 
complex between T i l l e u l  and E t r e ta t  ( g . r :  2,395-55,218 to
2,367-55,239) are o f ten  charac te r ized  by do lomite/dedo lomite
replacement (P la te  19F).
Bulk sample d i s i n t e g r a t i o n  o f  three bryozoan wackestone samples 
(e .g .  Pla te  18F) revea ls  an assortment o f  bryozoan grains made up,from 
two main o rders :  1 . Cyclostomes 2. Chei1ostomes. No e f f o r t  was
made to make a formal species i d e n t i f i c a t i o n  but a simple way o f  
grouping the bryozoa was c a r r ie d  out by recogniz ing var ious zoar ia l  
forms (e .g .  Stach 1936, Brown 1952). In a l l  on ly  three zoar ia l  
forms* were recognised in  the samples analysed:
1. V i n c u l a r i i f o r m :  R ig id  arborescent co lon ies  w i th  c y l i n d r i c a l  
branches.
2. Adeoni form: R ig id  arborescent co lon ies  w i th  compressed
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f l a t t e n e d  branches.
3. Membranipori form: Colonies o f  both encrus t ing  and unattached
f l a t  or  curved pi at e s .
V in c u la r i i f o r m  bryozoans are most dominant w i t h in  the Bryozoan 
Wackestones and Packstone Facies, making up to 78% o f  t o t a l  we igh t  o f  
bryozoan zoa r ia l  forms. However, loca l  increases o f  membranipori form 
bryozoans (up to 43% to ta l  we ight)  may occur in  bryozoan wackestones 
immediately o v e r ly in g  hardground surfaces o f  bryozoan cha lkstones.
Most bryozoan gra ins are s i l t  to sand-sized and r a r e l y  exceed 2 
mm in  length  (e .g .  Plate 18F). The d e l i c a te  f r o n ta l  w a l l s  to zooid
chambers are o f ten  not preserved (e .g .  Plates 18D, 20C). Erect
co lon ies ,  such as v i n c u la r i i f o r m  and adeoni form bryozoans are commonly
reduced to s in g le  s t i c k - l i k e  f ragments (P la te  18F). Even the t h i c k e r  
c a l c i t e  p la tes  o f  membranipori form bryozoans undergo ex tens ive 
breakdown and are reduced to small p l a t e le t s  con ta in ing  less than two 
zooid chambers apiece.
No v i n c u l a r i i f o r m  or  adeoni form bryozoan co lon ies  were found in 
growth p o s i t i o n  in  the Bryozoan Wackestone and Packstone Facies.
Only membranipori form encrus t ing  bryozoans occur in s i t u  at tached to 
var ious sand to g ranu le -s ized  macro foss i l  g ra ins  (e .g .  P la te  23B). 
A l t e r n a t i v e l y ,  bryozoan gra ins may also be encrusted by benthonic 
forams or  sponges. Fur ther  to t h i s ,  no evidence o f  "en c ru s t in g -s c a r  
templates" or "abnormal" bryozoan growth forms were found to in d ic a te  
a f o s s i l  assoc ia t ion  w i th  marine angiosperms ( c . f .  Vo ig t  1956). This 
con t ras ts  to V o ig ts '  (1981) recogn i t ion  o f  morphological  adapt ions 
w i t h in  bryozoa to sea-grass assoc ia t ions  w i t h in  the M aas t r i ch t ian  
chalks o f  the Nether lands.
*Ass is tance w i th  recogn i t ion  o f  bryozoan growth forms from Paul 
Tay lo r ,  B r i t i s h  Museum (Nat. H i s t . ) .
3 . F . i i i . Pi scussion
'Bryozoan r i c h  sediments have been descr ibed by several  authors 
from a number o f  d i f f e r e n t  modern environments (e .g .  Stach 1936, 
Lagaai j  & Gaut ier  1965, Wass e t  al 1970, Caul e t  1971, Mil l iman 
1974, S c o f f in  e t  al 1980). The Bryozoan Wackestone and Packstone 
Facies o f  Haute Normandie i s  in te rp re te d  as a s l i g h t  f l u c t u a t i o n  in 
marine cond i t ions  ( i . e .  sha l lowing o f  water  depth and /or increased
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c u r re n t  c ond i t ion s )  than those in f l u e n c in g  the accumulat ion o f  
nannofoss i l  mudstones and inoceramid wackestones (Sect ions 3 .B . ,  
3 .H . ) .  However, the d i s t i n c t  lack o f  o the r  sha l lower  benthonic
groups, e s p e c ia l l y  calcareous algae, s t i l l  i n f e r s  a r e l a t i v e l y  deep 
s h e l f ,  subphot ic depos i t iona l  environment. This is  also r e f l e c t e d  in 
the dominance o f  V i n c u la r i i f o r m  bryozoans (e .g .  Pla te  18F) which 
in d ic a tes  a deep water growth form (Lagaai j  & Gaut ie r  1965) and 
according to Stach (1936) are "adapted f o r  l i f e  in  deep o r  she l te red  
waters where wave ac t ion  is  absent and cur ren ts  scarce ly  a c t i v e . "
Indeed, the t h ic k  massively b io tu rba ted  and l a t e r a l l y  ex tens ive 
beds o f  bryozoan mudstone-wackestones (e .g .  Pla te  18A) p o in t  to a 
dominantely low energy regime o f  moderately high pe lag ic  sedimentat ion 
ra tes .  This autochthonous depos i t iona l  environment i s  shown by a
high muddy m a t r ix  content  (e .g .  nannofoss i l  d e b r i s ) ,  poor s o r t i n g  and 
absence o f  abrasional  rounding o f  bryozoan gra ins (e .g .  Plates 18C, 
18D). There i s  no evidence, however, to i n d ic a te  the development o f  
bryozoan mounds occu r r ing  w i t h in  the Bryozoan Wackestone and Packstone 
Facies o f  Haute Normandie. This con t ras ts  to the Upper M aas t r i ch t ian  
and Danian chalks o f  Denmark and Sweden (e.g .  Cheetham 1971, Bromley 
1979, Kennedy 1987) where "autochthonous b io c o n s t r u c t i o n a l " bryozoan 
mounds are common (see Chapter 4 f o r  d e t a i l s ) .
The development o f  the bryozoan wackestones above cha lkstone 
horizons w i t h in  channel and scour s t ru c tu re s  is  not thought  to be 
s im i l a r  to bryozoan concentra t ions occur r ing  w i t h i n  modern s h e l f  
environments (e .g .  Boil  l o t  1964, Ryland 1970, Caul e t  1972, Mil l iman 
1974) where an increase in  bryozoans is  e s s e n t i a l l y  an in  s i t u
b io lo g ic a l  response to favourab le  cu r re n t  cond i t ion s  p rov id ing  a 
g rea te r  food supply.  Ins tead, these bryozoan wackestones are thought
to be produced by the winnowing o f  the f i n e  nannofoss i l  r i c h  m a t r ix .
In c o n s t ra s t ,  an a l 1ochthonous o r i g i n  f o r  bryozoan 
packstone-wackestones is  envisaged by the f a c t  t h a t  the deposi ts  occur 
as t h in  bedded f i n i n g - u p  sequences w i th  c h a r a c t e r i s t i c  laminated tops 
(P la tes 19B, 20A, 200). A high energy / rap id  depos i t ion  process is
in d ica ted  by p lanar  bedding boundaries (P la te  19B, 20A, 200) and poor 
s o r t i n g  o f  in te n s e ly  f ragmented s a n d / s i l t - s i z e d  bryozoan gra ins  which 
cha rac te r ise  the base o f  the beds. The f i n e r  grained laminated upper 
p o r t io n  to the beds con ta in ing  occasional si 1t / f i n e - s a n d  sized laminae 
p a r a l l e l  bryozoan fragments (e .g .  Plate 190, 20B) suggests decreasing 
energy cond i t ions  towards the top o f  the bed. These bryozoan
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packstone-wackestones is  the re fo re  in te rp re te d  as an al loch thonous 
sediment occu r r ing  under high energy cond i t ions  in a waning f low  
regime analogous to  Bouma sequences in t u r b i d i t e s .
Fu r the r  evidence f o r  a g r a v i t y - f l o w  o r i g i n  f o r  bryozoan 
packstone-wackestones is  t h e i r  c lose assoc ia t ion  w i th  mass-f low s o f t  
cha lk hor izons w i t h i n  some la rge  scale channel s t ru c tu re s  (Sect ion 
3 .M . ) .  A process is  envisaged whereby unstable bryozoan
mudstone-wackestones accumulat ing on the channel margins is  
p e r i o d i c a l l y  remob i l ized  and redeposi ted e i t h e r  as a r e l a t i v e l y  
proximal mass-f low chalk or  more d i s ta l  d e n s i t y - f lo w  depos i ts .  The 
t r a n s i t i o n  from mass-f low to d i s ta l  d e n s i t y - f lo w s  invo lves  the 
resuspension o f  f i n e r  grained m a t r ix  from bryozoan 
mudstone-wackestones producing a s l i g h t l y  enr iched load o f  coarser  
grained bryozoan packstone-wackestone sediment. The t r i g g e r i n g
mechanism o f  these mass-f lows and d i s t a l  g r a v i t y - f lo w s  may r e s u l t  from 
te c to n ic  a c t i v i t y  and/or  sudden increases in  c u r re n t  a c t i v i t y .
There is  no evidence to imply a storm o r i g i n  f o r  bryozoan 
packstone-wackestones as the sediments do not occur in  the widespread 
in te rchannel  areas. The r e s t r i c t i v e  occurrence o f  bryozoan
packstone-wackestones to la rge  scale channel s t ru c tu re s  is  best  
explained by a g r a v i t y - f l o w  mechanism which is  o u t l i n e d  in sec t ion  
3 .M . .
3.G. BRYOZOAN CHALKSTONE
The Bryozoan Chalkstone Facies occurs p r im a r i l y  w i t h in  the 
P ie r re -e n -P o r t  and Yport  Formations throughout the Haute Normandie 
reg ion.  Bryozoan chalkstones are best developed w i t h in  the la rge
sca le channe l-scour s t ru c tu re s  between nor theast  E t r e t a t  and Yport  
( g . r :  2,367-55,239 to 2 ,257-55 ,268) .
Bryozoan chalkstones are t y p i c a l l y  charac te r ized  by loca l  l a t e r a l  
and v e r t i c a l  fa c ie s  changes in to  bryozoan wackestones and packstones.
3 .G . i .  General c h a r a c t e r i s t i c s  o f  the f a c i e s :
•Most bryozoan chalkstones are represented by t h i n ,  0.1 to 0.3 
metre,  d is c re te  nodular chalk and nodular chalkstone hor izons (P la te  
21A - 21C). Bryozoan nodular chalks are composed o f  d ispersed
sub-rounded to sub-angular chalk nodules w i th  sharp or d i f f u s e  outer  
margins.  Most hor izons o f  bryozoan nodular chalks are poor ly
developed w i th  g rada t iona l  lower and upper boundar ies (e.g .  Plate
PLATE 21:
21A Bryozoan chalkstone (BC) hor izons developed at  margin and base o f  
channel s t ru c tu r e ,  Fonds d 'E t ig u e .  Scale:  rucksack (approx:
50cm h ig h ) ,
21B Bryozoan nodular chalkstone (BNC) and prominent . s i l i c i f i e d  
burrow f l i n t s  (F),  Val leuse du Curé. Scale: b o t t l e  cap (5cm 
di ameter) .
21C Bryozoan massive chalkstone (BMC) and bryozoan nodular chalkstone 
(BNC) interbedded w i th  bryozoan wackestone w i th  chalk f l a s e r  (CF) 
f a b r i c .  Fonds d 'E t igue .  Scale hammer: 30 cm length .
210 Photomicrograph : Thin sect ion  through cemented nodule d isp lay ing
bryozoan gra ins (BY) and sponge sp icu les  (S). Scale bar: 
500pm. (sample: A5, log :  B4).
21E Photomicrograph: Thin sect ion  through s o f t  burrow m at r ix  near to
chalk nodule:  Composed o f  fragmented bryozoan grains ,
nannofossi ls  and echinoderm g ra ins .  Scale bar:  500pm. (sample:
A4, log:  B4).
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21B). Most c h a r a c t e r i s t i c  are Thaiassinoides burrow f l i n t s  which are 
dispersed between the chalk nodules (P la te  21B). Nodular f l a s e r  
f a b r i c s  are g e n e ra l l y  poo r ly  developed in these hor izons.
Some bryozoan nodular and massive chalkstones (e .g .  Plate 21C) 
are developed by the loca l  l a t e r a l  convergence o f  several  bryozoan 
nodular cha lks a t  the margin o f  channel s t ruc tu res  (e .g .  Plate 21A). 
Most bryozoan nodular and massive chalkstones (e .g .  Plate 21A, 21C) 
possess convo lu ted to hummocky i n c i p i e n t  hardground sur faces.
However, along the nor theas t  coastal sec t ion  o f  Haute Normandie w i t h in  
the P i r r e - e n - P o r t  Formation (Benouv i l le  Member), bryozoan nodular  and 
massive cha lkstones may develop d i s t i n c t i v e  convoluted g la u c o n i t i z e d  
hardground sur faces (see Chapter 2).
3 . G . Ü .  Composit ion o f  bryozoan cha lks tones :
The cemented cha lk o f  bryozoan chalkstones is i- composed o f  
bryozoan mudstones to wackestones. Most sand-sized bryozoan gra ins 
are we l l  preserved and dispersed in  a nannofoss i l  r i c h  m a t r ix
c on ta in ing  sponge sp icu le  voids (P la te  21D). In c o n t ra s t ,  the 
surrounding s o f t  burrow i n f i l l  m a t r ix  comprises ex te n s iv e ly  o f  f i n e
sand to s i l t - s i z e d  bryozoan fragments admixed w i th  echinoderm gra ins 
(P la te  21E). Some s o f t  burrow chalk may also conta in  la rge
q u a n t i t i e s  o f  preserved sponge sp icu le  voids.
In a l l  bryozoan cha lks tones,  the ske le ta l  components d is p la y  a 
random o r i e n t a t i o n  throughout the m at r ix  c h a r a c t e r i s t i c  o f  
b i o tu rb a t i o n  f a b r i c s .  C a lc i te  cements may p a r t i a l l y  or  t o t a l l y
i n f i l l  f o s s i l  voids o f  tes ts  or  moulds w i t h in  c a lc is p h e re /p la n k to n ic  
forams, bryozoans and sponge sp icu les  (P la te  21D).
3 . G. i i i . D iscuss ion :
Bryozoan cha lkstones show many l i t h o l o g i c a l  fea tu res  s im i l a r  to 
echinoderm cha lks tones.  A synsedimentary cement o r i g i n  f o r  these
chalkstones is  shown by the f o l l o w in g  fea tu res .
1. Uncompacted b io tu rba ted  bryozoan mudstone-wackestone 
preserved in nodular-massive chalkstones. The sediment may 
also con ta in  we l l  preserved ea r ly  d i s s o lu t i o n  voids o f  sponge 
s p i c u l e s .
2. Loca l ized eros ion o f  some bryozoan chalkstones g iv ing  r i s e  to 
cong lomerat ic  cha lks.
3. Development o f  bored and/or m inera l ized  ( i . e .  g la u c o n i t i z e d )
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hardgrounds a t  the top o f  some nodular and massive bryozoan 
cha lks tone hor izons.
Most bryozoan cha lks tones ,  however, are not as we l l  developed as 
echinoderm cha lks tones.  One reason f o r  t h i s ,  may be t h a t  the
channe l-scour complex (e .g .  Chapter 4) is  not as ex te n s iv e ly  developed 
w i t h in  sequences o f  bryozoan mudstone-wackestones as i t  i s  w i th  
echinoderm wackestone-packstones. I t  i s  also evisaged th a t  bryozoan 
mudstones-wackestones are con t inuous ly  deposited too r a p id l y  f o r  
bryozoan cha lkstones to f u l l y  develop. This is  ind ica ted  by the 
assoc ia t ion  o f  t h i c k  bryozoan mudstone-wackestone bedding (0.3 to 3 
metres t h i c k )  and t h in  bryozoan chalkstone hor izons (0.1 to 0.3 
metres).
3.H. INOCERAMID WACKESTONE FACIES
Mol luscan m ac ro foss i ls  are preserved in the chalks o f  Haute 
Normandie as f o l i a t e d / v e s i c u l a r  she l led  oys te rs ,  moulds o f  a ra g o n i t i c  
b iva lves  and the p r i s m a t ic  s h e l ls  o f  Inoceramus. Only inoceramid 
she l l  debr is  accumulates in  appreciab le  q u a n t i t i e s  w i t h in  the Haute 
Normandie Chalks to g ive r i s e  to d i s t i n c t i v e  wackestone tex tu res  
(P la te  23).
The Inoceramid Wackestone Facies is  most widespread in  the top 
h a l f  o f  the T i l l e u l  Formation along the southwest coastal  sect ion  o f  
Haute Normandie (e .g .  T i l l e u l  Plage, g . r :  2 ,395-55 ,218) .  With in  t h i s  
sec t ion  inoceramid wackestones d is p la y  occasional v e r t i c a l  grada t ions  
in to  inoceramid cha lks tones.  The Inoceramid Wackestone Facies shows 
a regiona l  s o u th e r l y  t r a n s i t i o n  in to  the Inoceramid Chalkstone Facies 
(e .g .  R iver  Seine s ec t ion ,  Bacquev i l l e ,  g . r :  2,189-54,987) and a
n o r th e a s te r l y  t r a n s i t i o n  i n t o  the Nannofossi l  Mudstone Facies (Fecamp 
to Sennev i l le  coas ta l  s ec t ion ,  g . r :  2,190-55,297 to 2 ,131-55,314).
The Inoceramid Wackestone Facies also occurs in  the 
P ie r re -e n -P o r t  Formation along the nor theas t  coastal  sec t ion  between 
Sennev i l le  to St.  P ie r re -e n -P o r t  ( g . r :  2,116-55,319 to 2 ,057-55 ,343) .  
In t h i s  sequence, inoceramid wackestones d isp lay  many v e r t i c a l  
t r a n s i t i o n s  i n t o  nannofoss i l  mudstones and chalkstones (see Fig.  35). 
Inoceramid wackestones are absent from the channel -scour complex along 
the southwest coas ta l  sec t ion  (e .g :  T i l l e u l - E t r e t a t ,  g . r :  2,395-55,218 
to 2 ,367-55 ,239).
PLATE 22:
22A Inoceramid wackestone from southwest T i l l e u l  Plage, showing 
a r g i l l a c e o u s - r i c h  chalk burrows and occasional f l i n t s  (F).  
Scale: coin (2cm d iamete r) .
22B Slabbed sample ( o i l  s ta ined)  o f  inoceramid wackestone showing 
l i g h t  grey coloured Tha iass inoides (TB) and dark grey coloured 
Zoophycos (Z).  Scale bar: 20mm. (sample: SCI, log:  F4A).
22C Arg i l laceous  r i c h  chalk burrow hor izons in inoceramid wackestone 
showing p a r t i a l  replacement by burrow f l i n t s ,  T i l l e u l  Plage. 
Scale: coin (2cm d iamete r) .
220 A r g i l l a c e o u s - r i c h  chalk burrows in inoceramid wackestone 
p a r t i a l l y  replaced by burrow f l i n t s ,  nor theas t  Fecamp. Scale: 
lens cap (5cm d iameter) .
22E Burrow f l i n t  hor izon in  inoceramid wackestone, nor theas t  Fecamp, 
showing compressed a rg i l la c e o u s  r i c h  chalk burrow (CB) above 
f l i n t  hor izon. Scale bar:  2cm.
22F Chalk f l a s e r  f a b r i c  developed w i t h in  inoceramid wackestone, 
northeas t Fecamp. Scale:  key tab (8cm long) .
22G Sponge f l i n t  (SF) preserved in  inoceramid wackestone. T i l l e u l  
Plage. Scale:  coin (2cm d iamete r) .
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S.H. i .  General c h a ra c te r i s t i c s  of  the f a c ie s :
In the f i e l d ,  inoceramid wackestones are usua l ly  preserved in 
massive uni form s o f t  chalk sequences wi th  occasional horizons of
s l i g h t l y  a r g i l l a c e o u s - r i c h  chalk burrows (Plate 22A - 22D). Bedding 
geometries cons is t  o f  subhor izontal  shee t - l i ke  un i ts  which show good 
la te ra l  c o n t in u i t y  along coastal l o c a l i t i e s  (see Chapter 2).
Gradational f in in g -u p  bedding is  c h a ra c te r i s t i c  o f  the P ier re-en-Por t
Formation along the E le to t  to Les Pet i tes Dal les coastal sect ion,
where basal inoceramid wackestones grade up in to  nannofossi l  mudstones 
and/or nannofossi l  chalkstones.
Thin burrow f l i n t  bands (10-30 cm thickness) are most common in 
inoceramid wackestones (Pla te 220, 22E) and of ten p a r t i a l l y  replace 
arg i l laceous r ich  chalk Thaiassinoides burrow ,s t ruc tu res .  Local 
f l i n t  replacement o f  sponge skeletons may also occur (Plate 22G). 
Chalk f lase rs  (P la te 22F) are also c h a ra c te r i s t i c  of  inoceramid 
wackestones r e s u l t in g  from compactional pressure so lu t ion  of  
arg i l laceous r i c h  chalk burrows.
3 . H. i i . Composition o f  inoceramid wackestones:
Most inoceramid wackestones contain 12-37% inoceramid bivalve 
fragments supported in a nannofossi l  r ich  matr ix .  Occasional
inoceramid mudstone-wackestones o f  9-12% inoceramid debris are 
produced (see Fig. 31) w i th in  the middle T i l l e u l  Formation along the 
southwest coastal sect ion (e .g:  A n t i f e r - T i l l e u l , g . r : 2,409-55,208 to
2,395-55,218). The non carbonate composition of  inoceramid
wackestones var ies from 1-4% : high non carbonate values are
associated w i th  a rg i l la ceous  r ic h  chalk burrows and chalk f la se rs .
Inoceramid wackestones have two dominant post deposi t ional  
fab r i  cs :
1. Bioturbated f a b r i c  of  randomly o r ien ta ted  inoceramid shel l  
fragments in a chalk matr ix  (e.g.  Plate 23C, 23D). 
or 2. Bedding p a ra l le l  al ignment of  shel l  fragments w i th in  the 
chalk matr ix  (e.g .  Plate 23E, 23F).
Within both these fa b r i c s ,  inoceramid she l ls  are broken down in to  
numerous s i l t - s i z e d ,  50-125 micron, c a l c i t e  prisms. Some la rger  
inoceramid she l l  fragments may be preserved up to 5cm in length, though 
most are kinked by in s i t u  compactional deformation (Plate 23G). The 
d i s t r i b u t i o n  o f  ind iv idua l  c a l c i t e  prisms in the chalk matr ix  of ten 
shows s l i g h t  r o ta t i o n  and dispersal  away from the main pr ismat ic
R.H.e.N.C.
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PLATE 23:
23A Dissaggregated sample o f  inoceramid wackestone showing sand to 
g ranu le -s ize  f r a c t i o n  (4 .0  - 1.0 ph i)  Scale bar: 1mm in te r v a l s .
23B Dissaggregated inoceramid wackestone d isp lay ing  coarse sand to 
granule s ize  grains (> - 1.0 phi f r a c t i o n ) .  Note: ou ter  upper
surfaces o f  inoceramid grains encrusted w i th  membranipori form 
bryozoa. Scale bar: 1mm in te r v a l s .
23C Photomicrograph : Inoceramid wackestone composed mainly  o f
inoceramid p r ism a t ic  la ye rs  randomly d i s t r i b u te d  in  chalk matr ix .  
Some p a r t i a l  i n te rn a l  chalcedonic quartz (CH) replacement o f  the 
prisms poss ib ly  associated w i th  bor ings.  Occasional echinoderm 
( E ) . Seale bar:  500um.
230 Photomicrograph : Inoceramid packstone composed o f  randomly
d i s t r i b u te d  inoceramid p r ism a t ic  layers  and separate prisms. 
Some microbor ings (MB) w i th in  p r ism a t ic  layers .  Scale bar:  500
um.
23E Photomicrograph : Inoceramid wackestone. P a r t i a l l y  preserved
pr ism at ic  la y e r  and numerous separate inoceramid pr isms. S l i g h t  
p a ra l le l  o r i e n ta t i o n  o f  g ra ins .  Occasional echinoderm grains 
( E ) . Seale bar: 500 pm.
23F Photomicrograph: Inoceramid wackestone. Pr ismat ic  layers
showing p re fe r red  o r i e n ta t i o n  w i th in  inoceramid s i l t  matr ix .  
Seale bar: 500 um.
23G: Photomicrograph: Inoceramid wackestone. Elongate inoceramid
pr ism a t ic  la y e r  d is p la y ing  k ink ing  and separat ion in to  small 
s i l t - s i z e d  pr isms. Scale bar:  500pm.
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layers (e.g.  Plate 23D - 23E, 23G).
Microbor ings may be preserved along inoceramid pr ismat ic  
fragments (Pla te 23C - 23D). In d is in teg ra ted  samples o f  inoceramid 
wackestones (P la te  23A) she l l  fragments are t y p i c a l l y  encrusted on the 
outer surfaces by membraniporiform bryozoans (Plate 23B). Most 
inoceramid shel l  fragments have i r r e g u la r  or s t r a i g h t  edges w ith  clean 
f rac tured surfaces revea l ing  l i t t l e  evidence o f  abrasion. Encrust ing 
bryozoans were not found over lapping and/or attached onto the 
f rac tured margins o f  the shel l  fragments. Indeed, many,encrusters 
were found truncated along the f rac tured margins o f  inoceramids.
In th in  sect ion ,  some inoceramid fragments may show p a r t ia l  
replacement ( l a t e  diagenet ic )  o f  pr ismat ic  layers by i r r e g u la r  zones 
of  s p h e ru l i t i c  chalcedonic quartz (Plate 23C).
3 .H. i i i . Di scussion
Environment o f  deposi t ion:  Inoceramid wackestones are
in te rp re ted  as being formed in r e l a t i v e l y  qu ie t  water cond i t ions 
w i th in  the Haute Normandie region. This is  re f le c ted  in the
massive, poor ly  bedded nature of  inoceramid wackestones which are 
c h a r a c t e r i s t i c a l l y  devoid o f  both small and large scale
sedimentary/erosional  s t ruc tu res .  In add i t ion ,  pétrographie evidence 
(e.g.  Plate 23C - 23G) reveals poor ly sorted sediments o f  non abraded 
inoceramid grains.  The f a c t  tha t  many in d iv idua l  inoceramid prisms 
show in s i t u  breakage (e.g.  Plate 23C - 23D, 23G) points to a
burrowing or compactional processes f o r  ske le ta l  breakdown w i th in  the 
sediment. S im i la r  poor ly sorted inoceramid r ich  chalks from England 
were also in te rp re ted  by Black (1980) as r e s u l t in g  from in s i t u
d i s in t e g r a t i o n .
The muddy nanno foss i l - r ich  matr ix  o f  inoceramid wackestones
c lose ly  compares to the composition o f  nannofossi l  mudstones (Section
3.B.)  and is therefo re  presumed to have accumulated by pelagic 
sedimentation.  In the occasional f in in g -u p  beds of  inoceVamid
wackestones in the Sennevi l le Formation the upward decrease in 
inoceramid shel l  content poss ib ly  r e f l e c t s  gradual decreasing energy 
condi t ions and hence increased pelagic sedimentat ion.
Well def ined burrow margins in most inoceramid wackestones (e.g.  
Plate 22A - 22D) imply f i rm er  sediment cons istencies than those
occurr ing in many nannofossi l  mudstones. This could explain more 
favourable substrate cond i t ions f o r  the var ious re c l i n in g  forms of
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epifaunal  inoceramids. Kauffman (1974) noted tha t  inoceramids ( f l a t ,  
th in  shel led va r ie ty )  in American, English and I r i s h  chalks were 
usua l l y  the f i r s t  colon izers o f  s o f t  substrates.
The f a c t  tha t  inoceramids are almost an exc lus ive ly  Cretaceous 
group (e.g.  Kennedy 1987) poses a problem, as there is  no su i tab le  
modern analogues to help in the in te rp re ta t i o n  o f  environmental 
deposi t ion and diagenesis (see below).
Diagenesis: In a l l  inoceramid wackestones of  Haute Normandie
only the external  c a l c i  t i c  shel l  layer  is  preserved and i t  is 
there fo re  envisaged tha t  the o r i g i n a l l y  deposited sediment would have 
contained considerable a ragon i t ic  shel l  m a te r ia l .  I t  has been
suggested by Kennedy and Garrison (1975) tha t  inoceramid r ic h  chalks 
from southern England would have contained as much as 'several  
percent '  more d e t r i t u s  w i th in  the i n i t i a l  sediment in the form of 
biogenic aragoni te der ived from the in te rna l  she l l  layers  of  
inoceramids. In the past, there has been considerable disagreement 
on the exact t im ing o f  aragoni te d isso lu t ion  from inoceramid she l ls .  
Some workers have invoked a sea f l o o r  aragonite d is s o lu t io n  mechanism 
(e.g.  J e f fe r ie s  1962, Hudson 1967, Kennedy 1987). Others (e.g.  
Rasmussen 1971, Frey 1972, Carter 1972, Surlyk 1972, Kauffman 1976
and B o t t je r  1981) have argued f o r  a process by which the a ragon i t ic  
nacreous layer  is  l o s t  soon a f te r  b u r ia l .  Evidence from th is  thesis 
favours the l a t t e r  "post -depos i t iona l  so lu t ion  mechanism" as shown by 
the fo l low ing  features;
1. The absence of  encrust ing organisms on the inner  surface o f  
the pr ismat ic  layer  of  inoceramid she l ls .  i t  is  presumed by 
th is  author,  tha t  on the sea f l o o r  encrust ing organisms would 
have establ ished themselves on the exposed inner aragoni te 
surface as they are on the outer surface o f  the shel l  (Plate 
23A - 23B). However, w i th  bur ia l  and subsequent aragonite
d isso lu t ion  these encrusters became detached leav ing the
inner c a lc i  t i c  p r ismat ic  layer  f ree  of  encrusta t ions.
2. The presentat ion of  pr ismat ic  shel l  layers w i th in  the
sediment impl ies tha t  they were "held together" by a former
aragoni te layer  p r io r  to bur ia l  and there fo re  not t o t a l l y
dissaggregated in to  separate prisms. I t  may be suggested, 
however, tha t  some o f  the la rge r  fragments th a t  have avoided 
to ta l  ske le ta l  breakdown were strengthened, in pa r t ,  by 
calcareous encrust ing membraniporiform bryozoans (Plate
FIG. 43: Schematic diagram showing the poss ib le  stages o f  development 
o f  inoceramid wackestones (1 to 5) .  1. Encrust ing bryozoans
(EB) at tached to ou te r  c a l c i t e  p r ism at ic  la y e r  (CPL) and 
inner  nacreous a r a g o n i t i c  laye r  (NAL) o f  inoceramid she l ls .
2. Bur ia l  o f  inoceramid s h e l l s .  3. D isso lu t ion  of
a ra g o n i t i c  she l l  la ye rs  producing voids (b la c k ) .  4.
Bioerosion o f  inoceramid p r ism a t ic  shel l  layers  causing
extensive f ragmenta t ion  and t o ta l  or  p a r t i a l  occ lus ion of  
inner  she l l  vo ids .  5. Bur ia l  compaction produces compressed 
burrow s t ruc tu res  (cb) and add i t ion a l  d i s i n t e g r a t i o n  of  
p r ism a t ic  inoceramid laye rs  w i th  t o ta l  occ lusion o f  voids.
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Insofar  as is determinable post deposi t ional  so lu t ion  of  
inoceramid aragonite has taken place, but must have occurred soon 
a f te r  b u r ia l ,  otherwise the nacreous layer  would have at  leas t  been 
preserved as a void in ear ly  cemented chalks. Shallow sediment 
condi t ions also provide a su i tab le  environment f o r  aragoni te 
d isso lu t ion  (e.g.  E l l e r  1981, 1984) in which biogeochemical processes 
produce s l i g h t l y  ac id ic  pore waters,  espec ia l ly  w i th in  sediment 
containing organic r i ch  burrow s t ruc tures .  This process seems most 
l i k e l y  w i th in  the burrow r ich  inoceramid wackestones (e.g.  Plate 22A - 
22D) of  Haute Normandie.
I t  is  envisaged tha t  the breakdown of  inoceramid she l ls  is 
i n i t i a l l y  promoted by the d isso lu t ion  of  the nacreous layer  fo l lowed 
by the decay o f  the th in  organic membrane (Black 1980) which separated 
adjacent prisms. Most o f  the physical breakdown of  the shel l  is
a t t r ib u te d  to biogenic a c t i v i t y  and compactional processes. This is 
shown by extensive f ragmentat ion o f  inoceramid pr ismat ic  layers in 
randomly or ien ta ted  bio turbated fabr ics  (e.g.  Plate 23C - 230).
Compacted inoceramids are most obvious in so lu t ion  seams of  chalk 
f l a s e r  fab r ics  (Plate 23F) where pr ismat ic  layers are kinked, 
fragmented and show s l i g h t  reo r ien ta t io n ,  p a ra l le l  to the margins of  
the so lu t ion  seams (Plate 23E - 23F). Figure 43 ou t l ines  the
presumed progressive bur ia l  h is to ry  o f  an inoceramid she l l .
3.1.  INOCERAMID CHALKSTONE FACIES:
The Inoceramid Chalkstone Facies is  widespread in the lower
T i l l e u l  Formation ( i . e .  A n t i fe r  Member, Fourquet Member) along the 
southwest coastal ( A n t i f e r  to T i l l e u l ,  g . r :  2,409-55,208 to
2,395-55,218),  northeast coastal (Fecamp to Sennev i l le,  g . r :  
2,190-55,297 to 2,165-55,303) and River Seine ( Bacquevi11e, g . r :  
2,189-54,987) sect ions o f  Haute Normandie. Inoceramid chalkstones
are also dominant in the upper T i l l e u l  Formation (i.e.Fecamp Member, 
Place Member) along the River Seine sect ion.
'A  regional fac ies  v a r ia t io n  occurs w i th in  the Upper T i l l e u l  
Formation passing from inoceramid chalkstones (River Seine) in to  
inoceramid wackestones (southwest and nor theast coastal sect ions) and 
nannofossi l  mudstones (northeast coastal sec t ion ) .  Local v e r t i c a l  and 
la te ra l  t r a n s i t io n s  o f  chalkstone in to  marly-chalk bands and
conglomerat ic chalks (Plate 24A - 24B) produce c h a ra c te r i s t i c
PLATE 24:
24A Sequence o f  inoceramid nodular chalks ( INC),  conglomerat ic chalk 
(CO) and mar ly -cha lk  (MG) from southwest T i l l e u l  Plage.
24B Close up o f  inoceramid nodular chalks (INC) interbedded w i th
conglomerat ic chalk (CC) and mar ly -cha lk  (MC). From southwest 
T i l l e u l  Plage. Scale: hammer handle (30cm le ng th ) .
24C Massive inoceramid chalkstone (MIC), southwest T i l l e u l  Plage, 
showing s o f t  mar ly -cha lk  i n f i l l  to Tha iass inoides burrows w i th in  
chalkstone hor izon. Hummocky hardground topography (HG).
Scale: coin (2cm diamete r) .
240 Massive inoceramid chalkstone (MIC) passing down in to  a nodular 
inoceramid chalkstone (NIC), southwest T i l l e u l  Plage. Note: 
p lanar g la n c o n i t i z e d  hardground (GH), cemented stenomorphic
Thaiassinoides burrow (CSB) and p y r i t e  nodule (PN). Scale bar: 
10cm
24E Photomicrograph: Inoceramid mudstone-wackestone tex tu re  from
cemented chalk o f  inoceramid cha lkstone showing fragment of  
inoceramid she l l  (ISL) and sponge sp icu les  (S). Scale bar:  500pm.
(sample: BE, log :  S IA ) .
24F Photomicrograph: Inoceramid packstone from an uncemented burrow
chalk i n f i l l  w i t h in  an inoceramid chalkstone.  Note: numerous
s i l t - s i z e d  inoceramid prisms and occasional  bryozoan gra ins (BY) 
showing random o r i e n ta t i o n .  Scale bar :  500pm. (sample: BJ,
log;  SIA).
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smal l -sca le  fac ies  assoc ia t ions w i th in  the lower T i l l e u l  Formation 
throughout the Haute Normandie region (see Figs. 31, 32, 33).
3 . 1. i . General c h a r a c te r i s t i c s  o f  the f a c ie s :
Inoceramid chalkstones are character ized by diverse l i t h o l o g i c a l  
fea tu res .  Most widespread are beds o f  inoceramid nodular chalks (0.2 
to 0.5 metres th ickness)  charac ter ized by v a r ia t io n s  in s ize ,  shape 
and dens i ty  o f  chalk nodules w i th in  a marly-cha lk matr ix  (e.g .  Plate 
24A - 24B). Bed boundaries o f  inoceramid nodular chalks may be
gradat iona l  or  sharp ly  def ined and of ten interbedded w i th  t h in ,  
5-20cm, marly -cha lk  bands and conglomerat ic chalks (e .g .  Plate 24A). 
Bedding geometries cons is t  o f  l a t e r a l l y  continuous s h e e t - l i k e  un i ts  
(P la te  24A).
Inoceramid nodular chalks are composed of  l i g h t  grey pebble to 
cobble-s ized chalk nodules surrounded by a conspicuous dark grey 
marly-cha lk  m a t r ix .  Nodules possess sub-rounded to e l l i p s o id a l
shapes (P la te  24B) w i th  some nodules occur r ing  as d i s t i n c t l y  i r r e g u la r  
shaped c lu s te rs  (P la te  25A). Thaiassinoides burrows are poor ly
preserved between nodules of ten showing compressed and deformed 
s t ruc tu res  w i t h in  developing nodular marly-cha lk f l a s e r  fa b r i c s .  
Small granule to pebble s ize ,  in tense ly  g laucon i t ized  in t r a c la s t s  may 
occur w i th in  the marly -cha lk  sediment of  Thaiassinoides burrows in 
between nodules. These in t r a c la s t s  are sub-rounded to i r r e g u l a r  in 
shape and may be character ized by bor ings and encrusta t ions (e.g.  
Plate 25E).
Inoceramid nodular chalks show local  v e r t i c a l  (P la te 24D) and 
regional  l a t e r a l  gradat ions in to  nodular and massive chalkstones 
(Chapter 2).  Inoceramid nodular and massive chalkstones are def ined 
by planar  to hummocky, simple hardgrounds (Pla te 24C) or composite 
hardgrounds (P la te  24D). Composite hardgrounds o f ten  d isp lay
pronouced g l a u c o n i t i z a t io n  and th in  stenomorphic Thaiassinoides
burrows (P la te 24D). Glauconi t ized i n t r a c la s t s  may i n f i l l  burrow 
entrances and become cemented w i th in  the nodular and massive
chalkstone framework. F l i n t s  are absent from both nodular chalk and
nodular-massive chalkstone hor izons.
3 . 1. i i . Composition o f  inoceramid cha lks tones:
Most conspicuous in  inoceramid chalkstones is  the d i f fe rence  in 
inso lub le  residue content  between the chalk nodules (3-8%) and the
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s o f t  in t r a -n o d u la r  matr ix  (5-15%). The inso lub le  residues are
dominated by smect i tes w i th  minor amounts o f  i l l i te ,  c l i n o p t i 1o l i te ,  
quartz s i l t / s a n d  and biogenic s i l i c a .  This composi tion c lose ly  
compares to the composit ion o f  mar ly -chalk  bands w i th in  the lower 
T i l l e u l  Formation (Sect ion 3 . K . i . ) .
In inoceramid chalkstones the c a l c i t i c  p r ismat ic  layers  or
separate prisms (e.g .  Plates 24E - 24F, 25C - 25D) of  inoceramid
she l ls  are preserved w i th ou t  the inner  a rago n i t i c  nacreous laye r .
The sediments o f  inoceramid chalkstones are t y p i f i e d  by sharp or 
gradat iona l  v a r ia t io n s  in  tex tu re ,  ranging from mudstone-wackestones 
to packstones. In cemented sediments o f  most nodular chalks,
nodular-massive chalkstones , inoceramid mudstone-wackestones occur 
composed o f  randomly o r ien ta ted  inoceramid she l l  f ragments/pr isms 
dispersed w i th  sponge sp icu le  debr is (P la te 24E). However, in many 
i r r e g u la r  to e l l i p s o i d a l  shaped nodules (Plates 25A - 25B, 25E) a 
thoroughly b io tu rba ted  inoceramid wackestone o f  dominant inoceramid 
prisms may e x i s t  conta in ing  no sponge sp icu le  debr is .  The s o f t  
marly-chalk m a t r ix  around the nodules is  c h a r a c t e r i s t i c a l l y  devoid o f  
sponge sp icu les  conta in ing  dominant inoceramid wackestones to 
packstones which form two dominant fa b r i c s :
1. Randomly o r ien ta ted  and in tense ly  fragmented inoceramid
she l ls  producing a s i l t y  prism r ic h  sediment (e .g.  Plate
24F). This f a b r i c  is  most common w i th in  Thaiassinoides
burrows o f  nodular and massive chalkstones. 
or 2. Preferred o r ie n ta t i o n  o f  inoceramid shel l  fragments and 
pr isms, p a r t i c u l a r i l y  associated w i th  so lu t ion  seam 
development in nodular mar ly -chalk  f la s e rs  (P la te 25C).
Unmineral ized and s t ro n g ly  g laucon i t ized  granules/pebbles (P la te 
25E - 25G) o f ten  show te x tu ra l  v a r ia t io n s  w i th  the surrounding s o f t
marly-chalk sediment.
3 . J . i i i . D iscuss ion :
Most nodules o f  inoceramid nodular chalks are in te rp re ted  as 
re s u l t in g  from synsedimentary cementation f o r  the fo l low ing  reasons:
1. Ve r t ica l  and l a t e r a l  t r a n s i t i o n s  in to  inoceramid nodular and
massive chalkstones which are charac ter ized by upper
submarine erosion surfaces (e.g.  Plate 240). This suggests 
t h a t  nodule format ion took place a t  the same time or by the 
same process as synsedimentary inoceramid nodular and massive
PLATE 25:
25A Inoceramid nodular chalk from Porte à la  Reine, nor theas t  Fecamp. 
Note: mar ly -cha lk  burrows (B) and patches o f  developing
marly-chalk  f la s e rs  (CF) w i th  s o lu t i o n  seams. Scale:  hammer
handle: ( leng th  : 20cm).
25B Photomicrograph : General view o f  sec t ion  through
e l l i p s o id a l - s h a p e  chalk nodule (END) and g laucon i t i zed  granule
(GG). Matr ix  (M) composed o f  inoceramid packstone. Burrow
i n f i l l  (B) preserved in  nodule composed o f  inoceramid wackestone. 
Scale bar: 1mm i n t e r v a l s ,  (sample: F5, log :  F IA ) .
25C Photomicrograph o f  uncemented in t ra n o d u la r  m a t r ix  from sample 
shown in Plate (25B). Inoceramid packstone showing p re fe r red  
o r ie n ta t i o n  o f  g ra ins .  Scale bar: 500pm. (sample: F5, log:
FIA).
25D Photomicrograph o f  e l l i p s o i d a l  nodule from sample shown in Plate 
(25B). Inoceramid mudstone-wackestone showing random o r ie n ta t i o n  
of  prisms. Scale bar:  500pm. (sample: F5, log :  FIA).
25E Close up o f  inoceramid nodular chalk showing chalk nodules (CN) 
w i th  g laucon i t i zed  i n t r a c l a s t s  (GI) surrounded by mar ly -cha lk  
ma tr ix  (M) . From southwest T i l l e u l  Plage. Note: encrus ter  on
i n t r a c l a s t  (EN). Scale:  Pencil (10cm).
25F Photomicrograph : I r r e g u l a r  shaped g laucon i t i zed  i n t r a c l a s t  (GI)
supported in inoceramid packstone m a t r ix  (M). Scale bar:  1mm
in te r v a l s ,  (sample: F5, log:  FIA).
25G Photomicrograph : Rounded cemented c l a s t  composed o f  inoceramid
wackestone w i th  sponge sp icu les  (S) surrounded by a s o f t  ma tr ix  
(M) o f  inoceramid packstone. Scale bar: 1mm in te r v a l s ,
(sample: T22C, log :  T3A).
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chalkstone development.
2. The development o f  in te r -beds o f  winnowed and abraded 
inoceramid nodular chalks g iv ing  r ise  to conglomerat ic chalks 
(P la tes 24B, 25E, also Section S . L . i . ) .
3. In tra -nodu le  sediment preservat ion o f  precompactional sponge 
sp icu le  voids (P la te 24E, also Section 3 . J . i . ) .
Aside from erosional  sea f l o o r  features (No. 2. above) most 
inoceramid chalk nodules show c lear  evidence o f  in s i t u  cementation as 
shown by d i f f u s e  outer nodule margins and lack o f  abrasional rounding 
of  gra ins and/or sea f l o o r  g laucon i te replacement.
The marked tex tu ra l  d i f fe rence  between sediment preserved in  the 
nodules ( i . e .  mudstone-wackestone) compared w i th  the in te r -n o d u la r  
s o f t  mar ly -cha lk  matr ix  (wackestone-packstone) is  a t t r i b u te d  to the 
down p ip ing  (b io tu rb a t io n )  o f  winnowed mar ly-chalk  and i n t r a c la s t s  
from o v e r ly ing  conglomerat ic chalks or  mar ly -chalk  bands.
The apparent non-preservat ion o f  any a rago n i t i c  debr is (e.g 
nacreous layers  o f  inoceramids) w i th in  both nodules and matr ix  may 
imply t h a t  the e a r ly  d is s o lu t ion  o f  aragoni te con t r ibu ted  much of  the 
cement f o r  ea r ly  nodule development. Large amounts of
nacreous-der ived aragoni te may have been dissolved from inoceramid 
packstone burrow i n f i l l s  and subsequently p re c ip i t a te d  in the f in e  
grained carbonate r ich  in te r -bur row areas. This local  cementation 
process may have been f u r t h e r  in f luenced by immediate environmental 
f ac to rs  such as increased cur ren t  a c t i v i t y  (e.g .  conglomerat ic chalk 
format ion)  which prevents pelagic sedimentat ion.  Other fac to rs  
a id ing the ea r ly  cementation process include the winnowing o f  s o f t  
i n te r - n o d u la r  inoceramid sediment and the f lu sh ing  of  seawater through 
open burrow systems. In con t ras t ,  the Inoceramid Wackestone Facies 
(Sect ion 3 . H . i . )  is  devoid o f  nodules and is  a t t r i b u te d  to 
cons iderab ly  smal le r  amounts of  inoceramid debris and poss ib ly  less 
ava i la b le  aragoni te  f o r  cementation. The lower cu r ren t  a c t i v i t y  would 
permit  g rea te r  amounts o f  pelagic sedimentation ( i . e .  high carbonate,  
low te rr igenous in p u t ) .  In a l l ,  these fac to rs  have precluded the 
development o f  the nodules in the Inoceramid Wackestone Facies.
Other descr ip t ions  o f  nodular carbonates have shown a v a r ie t y  o f  
ea r ly  to l a te  d iagenet ic  processes re la t i n g  to nodular development 
(e .g .  Bromley 1965, Garrison & Fischer 1969, Jenkyns 1974, Kennedy 
& Ju ignet 1974, Tucker 1974, Kennedy & Garrison 1975, Garr ison &
Kennedy 1977, Wanless 1979, Mul l ins  e t  al 1980, E l l e r  1981, 1984).
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FIG. 44: Schematic diagram ' showing the poss ib le  development of  
e l l i p s o i d a l  chalk nodules w i t h in  inoceramid nodular chalks.
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1.
Random network of Thalassinoides burrow infills 
of argillaceous inoceramid packstone with occassional 
glauconitized intraclasts ( I) . Chalk nodule (CN) 
and glauconitized intraclast (I) within interburrow areas 
composed of inoceramid mudstone-wackestone.
©
Compressed burrow fabric .
•. SS
SS
strongly compressed burrow fabric with developing 
solution seams (SS).Arrows showing possible exodus 
of dissolved CaCO^from solution seams within burrows.
Fully developed chalk-flaser or m arly-chalk flaser 
composed of composite cemented ellipsoidal nodule 
(CEN) surrounded by a fabric of compressed burrows 
and solution seams.
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E l l e r  (1984) also noted a p re fe re n t ia l  replacement o f  burrow 
s t ruc tu res  by so lu t ion  seams but suggested an ea r ly  pre-compact ional 
phase o f  s o lu t io n  seam development a r i s in g  from syndeposi t ional  
carbonate d is s o lu t i o n  in under-saturated pore waters.  None of  the 
ea r ly  s o lu t io n  seam features ou t l ined  by E l l e r  (1984 Page 147) were 
recorded in  the so lu t ion  seams o f  inoceramid nodular chalks.
Within  some inoceramid chalkstones, however, the development o f  
d i s t i n c t  e l l i pso ida l -shaped  nodules (e.g .  Plate 25A - 25B) may
in d ic a te  a l a te  diagenet ic process. These e l l i p s o id a l  nodules are 
o f ten  character ized by sharp margins and surrounded by wel l  developed 
s o lu t ion  seams. Sponge spicules w i th in  the nodules are e i t h e r  absent 
or  poo r ly  def ined which may suggest tha t  a ce r ta in  degree o f  sediment 
compaction took place before cementation. Some nodules may contain 
small g laucon i te  i n t r a c la s t s  in d ic a t ing  sea f l o o r  exposure. S im i la r  
assoc ia t ions o f  so lu t ion  seam development w i th  e l l i p s o i d a l  nodules 
occur r ing  w i t h in  other carbonate sequences (e.g .  Tucker 1974, Garrison 
& Kennedy 1977) have been a t t r i b u te d  to combined processes o f  l a te  and 
e a r ly  cementat ion.  The complex pétrographie features o f  the composite 
e l l i p s o i d a l  chalk nodules from the Haute Normandie chalks may also 
r e f l e c t  several 1i t h i f i c a t i o n  phases.
Figure 44 i l l u s t r a t e s  a poss ible mode of  format ion f o r  
e l l i p s o i d a l  nodule development re s u l t in g  from ea r ly  cementat ion,  
progress ive compaction, so lu t ion  and calcium carbonate p r e c ip i t a t i o n .  
The process involves p re fe re n t ia l  so lu t ion  seam development w i th in  
marly -cha lk  r i c h  inoceramid packstone burrow i n f i l l s  occur r ing  dur ing 
bu r ia l  compaction (F ig.  44, 2-3) .  Pressure so lu t ion  der ived c a l c i t e  
is  l o c a l l y  p re c ip i ta te d  w i th in  adjacent stress f ree  areas ( c . f .  de 
Boer 1977) which in  th is  case c o n s t i tu te  the semi-compacted e l l i p s o i d  
shape in te r -bu r row  regions (Fig.  44, 2).  The subsequent hardening of  
e l l i p s o i d a l  nodules preserves much of  the in te rna l  b io tu rba ted  f a b r i c  
o f  these nodules. A s im i l a r  la te  diagenet ic  cementation process is 
also postu la ted f o r  other  e l l i p s o id a l  shape nodules occurr ing in chalk 
f l a s e r  fa b r i c s  w i th in  Inoceramid Wackestone and Nannofossi l Mudstone 
Facies (Sections 3 . B . I . ,  3 . H . I . ) .
3 .J .  SPONGE CHALKSTONE FACIES:
Sponge chalkstones occur in the T i l l e u l  Formation along the 
southwest (e.g .  A n t i f e r - É t r e t a t ,  g . r :  2,409-55,208 to 2,368-55,229) 
and nor theast  (e .g .  Fecamp-Sennevi11e, g . r :  2,190-55,297-2,131-55,314)
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coastal sect ions of  Haute Normandie. Some sponge chalkstones are 
also developed in the Sennev i l le  Formation along the nor theast coastal 
sect ion  between Fecamp to Sennev i l le .  Sponge chalkstones
occas i o n a l l y  occur w i th in  the channel-scour complex.
Sponge chalkstones may pass both l a t e r a l l y  and v e r t i c a l l y  in to  
nannofossi l  mudstones/chalkstones and inoceramid wackestones/nodular 
cha lks tones .
3 . J . i .  General c h a r a c te r i s t i c s  o f  the f a c i e s :
Most sponge chalkstones e x i s t  as massive chalkstone horizons 
which may be s l i g h t l y  nodular in appearance but almost e n t i r e l y  
l i t h i f i e d  inc lud ing  the burrow i n f i l l s  o f  small stenomorphic 
Tha iass ino ides. Sponge chalkstone hor izons (0.1 to 0.5 metres 
th ickness) form subhor izontal  s h e e t - l i k e  un i ts  (P la te  26A). Some 
hor izons ( i . e .  T i l l e u l  hardgrounds) show remarkable l a t e r a l  c o n t in u i t y  
across the Haute Normandie region (see Chapter 2),
• Upper boundaries o f  sponge chalkstone hor izons are usua l l y  
sharply def ined by simple or composite hardground surfaces (P la te 26A 
26B, 26E - 26F). Hardgrounds maybe g laucon i t ized  and/or
phosphatized w i th  convoluted to planar omission surfaces. Pebbles o f  
sponge chalkstone ove r ly ing  eroded hardground surfaces or i n f i l l i n g  
the entrances to Thaiassinoides burrows of ten show recementation in to  
the sponge chalkstone framework (Pla te 26E, 26F). Sponge chalkstone 
pebbles may d isp lay  weak or intense g l a u c o n i t i c  replacement and 
occasional marginal penetra t ion by sponge/bivalve bor ings (e .g.  Plates 
26D, 27A - 27B). Some stenomorphic Tha lassinoides burrows (e.g.
Plate 26C) contain uncemented coarse grained echinoderm 
packstones-grainstones which have been piped down from sediments 
over ly ing  sponge chalkstones. A l t e r n a t i v e l y ,  Thalassinoides burrows 
may contain cemented f i n e r  grained nannofossi l  mudstone sediments 
(Plate 25D) sometimes preserving f in in g -u p  laminat ions (Pla te 26F). 
Many burrow margins are sharply def ined (Pla tes 26C, 27F).
Glauconi t ized/phosphat ized and in tense ly  bored margins to stenomorphic 
Thaiassinoides are a common fea ture  o f  the upper le ve ls  o f  sponge 
chalkstone hor izons (Pla te 26E).
Lower boundaries o f  sponge chalkstone are near ly always 
gradat ional  passing down from massive in to  nodular chalkstone and 
nodular chalks (e .g .  Plate 26A), except when they immediately o v e r l i e  
e a r l i e r  hardground surfaces (Pla te 26E). Certa in weathered surfaces
PLATE 26:
26A Sponge chalkstones (SPC) interbedded w i th  nannofoss i l  nodular 
chalks (NC) from Plage de Golf .  Note: Dark g la u c o n i t i z a t io n  at
the top o f  the sponge chalkstones.
26B Massive sponge chalkstone (SPC) o f  T i l l e u l  Hardground 1 from 
southwest E t r e ta t  Plage, showing a planar  g laucon i t i zed  
hardground (GH) and g lauc on i t i z ed  chalk pebbles (GCP). Note: 
la rge open entrances to Thaiassinoides along hardground surface 
(GH) and stenomorphic Tha iassinoides burrows (STB) w i t h in  the 
sponge chalkstone hor izon.  Scale:  lens cap (5cm d iamete r) .
26C Slabbed sample (po l i shed)  o f  massive chalkstone showing 
uncemented chalk i n f i l l  o f  echinoderm packstone w i t h in  a 
Thaiass inoides burrow (TB). Scale bar: 20cm. (sample: THl,
Log: A2).
26D Slabbed sample ( o i l  s ta ined ) ;  Sponge chalkstone sample showing 
slabbed sawn faces cu t  a t  r i g h t  angles.  Note: cemented
T h a ia s s in o ides burrow i n f i l l  (CTB) and sponge chalkstone pebbles 
(CP) w i th  marginal bor ings (BR). .Sca le  bar: 50cm. (sample:
TH2, Log: A2).
26E Massive sponge chalkstone beneath T i l l e u l  Hardground (T2) from 
Aval Plage, showing a heav i ly  g laucon i t i zed  planar  hardground
(GH) w i th  g lauc on i t i z ed  Thaiassi  n o ides burrow margins (GB). 
Note: Sponge chalkstone pebbles (SCP) and burrow f i l l s  are
cemented in to  sponge chalkstone.  Scale: lens cap (5cm
diamete r) .
26F G laucon i t ized  hardground surface o f  sponge chalkstone w i th  
stenomorphic Thaiassi  n o ides burrows (STB), nor theas t  Fecamp. 
Note: g la u c o n i t i z e d  chalk pebbles (GCP) w i th in  the chalkstone
m atr ix  and o v e r - r i d i n g  hardground sur face.  Scale: lens cap
(5cm d ia m e te r ) .
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of  sponge chalkstones e x h i b i t  a v es ic u la r  tex tu re  o f  sponge spicu le 
and bor ing pores (P la te  27A). Burrow f l i n t s  are absent from sponge 
cha lks tones .
3 . J . i i . Composition o f  sponge cha lks tones:
Most o f  the cemented chalk o f  sponge chalkstones are composed of  
sponge sp icu le  debr is making up some 11-21% of  the chalk sediment 
producing dominant sponge wackestone tex tu res (Pla te 270 - 27E). 
Sponge sp icu les  ( o r i g i n a l l y  der ived from s i l i c e o u s  sponges - Kennedy 
1987) are la rg e ly  preserved as monoaxon tubu la r  voids which are 
p a r t i a l l y  or  t o t a l l y  cemented w i th  a drusy c a l c i t e  spar (Plate 270, 
27E). S i l t  to sand-sized sponge sp icules usua l l y  form a randomly
o r ien ta ted  f a b r i c  w i th in  a f o ra m in i f e r id / c a l c is p h e re  r ic h  matr ix (e.g.  
Plate 27E). Occasional ly ,  complete spher ical  ske le ta l  frameworks of  
sponge sp icules are preserved w i th in  sponge chalkstones (Plate 27C). 
In a l l  sponge chalkstones the nannofossi l  r i c h  chalk matr ix  is  most 
dominant ranging from 59-78% of  the to ta l  chalk sediment.
Sharply def ined f a b r i c s  r e f l e c t i n g  changes in tex tu re  and grain 
s ize occur a t  the margins o f  bor ings and burrows w i th in  sponge 
chalkstones (e .g .  Plate 27F). However, most burrow i n f i l l s  comprise 
s o f t ,  coarse grained chalk o f  echinoderm and/or inoceramid wackestones 
or  packstones (e.g .  Plate 26C). Bored sponge wackestones (Plate 27B) 
show t runca t ion  o f  ske le ta l  grains w i th in  the cemented chalk and s o f t  
or  cemented chalk geopetal i n f i l l s  may occur w i th in  some bor ing voids.  
The s o f t  and cemented chalk o f  burrow and bor ing i n f i l l s  is  usua l ly  
devoid o f  sponge sp icu les  (P la te  27F). Where sponge spicules (ra re)  
are preserved in  s o f t  chalk they usua l ly  occur as semicompressed voids 
p a r t i a l l y  i n f i l l e d  w i th  m ic r i t e .
3 . J . i i i . Oi scuss ion:
Sponge r i c h  f o s s i l  hor izons o f  ea r ly  l i t h i f i e d  chalks have also 
been recorded w i th in  the Chalk Rock o f  southern England (Reid 1962, 
1968, Bromley 1965). Reid (1962 p . 275) noted a poss ib le  diagenet ic 
preserva t iona l  cont ro l  o f  sponges w i th in  the Chalk Rock Facies. 
S im i l a r l y ,  pétrographie and l i t h o l o g i c a l  s tudies ca r r ied  out on the 
Sponge Chalkstone Facies in  t h i s  p ro je c t  suggest a process o f  
p re fe re n t ia l  d iagenet ic  p reservat ion o f  sponge spicules ra ther  than an 
environmental cont ro l  on sponge occurrence.
The most c h a r a c t e r i s t i c  fea tu re  o f  sponge chalkstones is  tha t
PLATE 27:
27A Weathered upper sur face o f  a sponge chalkstone revea l ing  bor ings 
(BR) and sponge sp icu le  (S) pores.  From T i l l e u l  Hardground 2, 
Plage de Golf .  Scale:  Coin (2icm diamete r) .
27B Photomicrograph: Sponge sp icu les  (S) and bor ings (BR) w i th
geopetals (GP). Scale bar:  500pm. (sample: CN, log :  B6).
27C Photomicrograph : Complete sponge meshwork o f  m u l t i -axon  spar
f i l l e d  sponge sp icules (S) w i t h in  sponge chalkstone. Scale bar:  
1mm in te r v a l s ,  (sample T6, Log T3A).
27D Photomicrograph : Random o r i e n t a t i o n  o f  mono-axon and m u lt i -axon
spar f i l l e d  sponge sp icu les  (S). Scale bar: 500pm. (sample:
PDC, log :  F19B).
27E Photomicrograph: General view o f  sponge chalkstone m a t r ix  o f
spar f i l l e d  sponge sp icu les  (S).  Scale bar: 500pm. (sample:
SC4, log:  F4A).
27F Photomicrograph: Sect ion through margin o f  sponge chalkstone and
bor ing i n f i l l e d  w i th  laminated cha lk .  Scale bar:  500pm.
(sample: E6, log :  E8) .
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they preserve a f i n e  grained sponge wackestone below well  def ined 
erosional  hardground sur faces. Eroded pebbles, conta in ing preserved 
sponge debr is ,  may l i t t e r  the hardground surface of ten recemented back 
in to  the chalkstone framework (P la te 26D - 26F). Sponge spicules 
were there fo re  an o r ig i n a l  ske le ta l  component o f  the sediment before 
cementation and erosion o f  the chalkstone took place.
Sponge bor ings penetra t ing  chalkstone pebbles, burrow margins and 
hardground surfaces (P la te 27A - 27B) also ind ica tes  the existence o f  
sponges a f t e r  chalkstone format ion.  However, pétrographie  s tudies,  
o f ten  reveal an absence o f  sponge spicules w i th in  the burrow i n f i l l s  
o f  sponge chalkstones (e.g.  Plate 27F). Furthermore, sponge spicules 
are r a re ly  preserved in most s o f t  chalk fac ies  o f  Haute Normandie
(e.g .  Sections 3 .B . ,  3.D. ,  3 .F . ,  3.H. )  and where they do e x i s t  they
usua l ly  occur as poor ly  preserved, f la t te n e d  and p a r t i a l l y  occluded 
voids.  In con t ras t ,  a l l  chalkstone fac ies  (Sect ions 3.C. ,  3 .E .,
3.G.,  3 .1 . )  conta in  varying amounts o f  sponge sp icules preserved as 
e i t h e r  empty voids or spar f i l l e d  voids.
I t  is  the re fo re  presumed tha t  sponge sp icules were poss ib ly
o r i g i n a l l y  abundant in many o f  the s o f t  chalk sediments preserved as 
voids but were subsequently l o s t  through d i s s o lu t i o n  and sediment 
compaction. In con t ras t ,  the ea r ly  cementation o f  sediment in
chalkstones p ro tec ts  sponge sp icu le  voids from subsequent compaction.
The l i t h o l o g i c a l  character  o f  sponge chalkstones r e f l e c t s  a
genera l ly  longer and/or more complex 1i t h i f i c a t i o n  process than those 
recorded in o ther  chalkstone fac ies .  This is  shown by the
development o f  d iverse hardground features (P la te  26A - 26C), greater  
amounts o f  reworked chalkstone (Pla te 26D - 26F) and recemented
sediment/chalkstone c la s ts .  This is  f u r t h e r  supported by the
occurrence o f  synsedimentary g la u c o n i t i c  hardground surfaces (Plate 
26A - 26B, 26E - 26F) which, according to Jarv is  (1980a), in d ica te
"prolonged contac t  w i th  the sea water"  on the sea f l o o r .
3.K. MARLY-CHALK FACIES
The Marly-Chalk Facies is  most dominant in the lower two
format ions ( i . e .  the Craie de Rouen and T i l l e u l  Formations) and
subordinate in occurrence w i th in  the upper two'Format ions ( i . e .  the 
P ie r re -en -Por t  and Yport  Formations) w i th in  the Haute Normandie 
region. Within the Upper T i l l e u l  and Sennev i l le  Formations,
marly-cha lks  show best development along the nor theast coastal  sect ion
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(Fecamp - Sennev i l le ,  g . r : 2 , 190-55,297 to 2,131-55,314) than along the 
southwest coastal sect ion  ( A n t i f e r  - E t r e ta t ,  g . r :  2,409-55,208 to 
2,368-55,229) and River Seine sect ion (Bacquev i l ie ,  g . r :  
2,189-54,987).
Mar ly -chalks show both la te r a l  and v e r t i c a l  t r a n s i t i o n s  in to  most 
s o f t  chalk fac ies  ( i . e .  Nannofossi l Mudstone, Bryozoan Wackestone and 
Packstone, Inoceramid Wackestone, Echinoderm Wackestone and Packstone 
Facies).  The most common assoc ia t ion o f  marly-cha lks  w i th  ear ly
l i t h i f i e d  chalks occurs w i th  inoceramid chalkstones (see Section
3 . 1 . ) .
3 . K . i .  General c h a r a c te r i s t i c s  and composi tion o f  the fac ies
The Marly-Chalk Facies o f  Haute Normandie is  charac ter ized in the 
f i e l d  by a l i g h t  to dark grey co lou ra t ion  (e.g .  Plate 28B). This is  
due to higher concentra t ions  o f  non carbonate mater ia l  (P la te 31) w i th  
the chalk matr ix  comprising 5-40% of  the to ta l  sediment (Figs.  45 - 
51).  Clay minerals (e .g.  smect i tes and i l l i t e s )  comprise 95-98% of 
the non carbonate m a te r ia l .
Marly-chalk  is  genera l ly  s o f te r  and less coherent than o ther  s o f t  
chalk fac ies  but disp lays s im i l a r  types and amount o f  burrows (e.g.  
Thai ass ino ides , Zoophycos, and Chondr i tes) . Many marly-chalks  
d isp lay  f i n e  hor izon ta l  to wavy c la y - r i c h  laminae produced by 
compactional pressure so lu t ion  (e .g.  Plate 29D - 29E). • In th is
study, these f a b r i c s  have been termed marly-chalk  f la s e rs .  The ir  
development usua l ly  res u l t s  in the to ta l  or  p a r t i a l  o b l i t e r a t i o n  o f  
pr imary fa b r i c s  w i th in  mar ly -chalks (e.g.  Plate 30E). Despite t h i s ,  
most marly-chalks d isp lay  one or more o f  the fo l low ing  o r ig in a l  
sedimentary fea tures :
1. Burrow f i l l s  o f  va r iab le  a rg i l la ceous  content which gives the 
marly-chalk  a c h a r a c te r i s t i c  mott led appearance (Plates 28F, 
29A).
2a) Sharply def ined bases and gradat ional  upper margins to
marly-cha lk  un i ts  (e.g .  Plates 29C - 290, 30A - 30C).
b) Sharply def ined upper margins and gradat ional  bases o f
marly -chalk  un i ts  (P la te 29A).
c) Both gradat ional  bases and upper margins may occur in th ick  
interbedded sequences o f  mar ly -chalk  (P la te 28A - 28B).
In the fo l lo w in g  desc r ip t ion  the Marly-Chalk Facies has been 
d iv ided in to  two subfacies (1. Interbedded Marly-Chalk.  2.
FIG. 45 to 51; Composite l i t h o l o g i c a l  sec t ions showing the lo c a t io n  
and composi t ional  analyses o f  m ar ly -cha lks .  See appendix I f o r
f u r t h e r  d e t a i l s  o f  log and sample l o c a l i t i e s .  Keys to l i t h o l o g i c a l  
marker hor izons (see Figs. 30 - 39) and fac ies  (see Fig .  29).
FIG. 45: Inso lub le  residue ana lys is  o f  interbedded mar ly -cha lks .  Craie 
de Rouen Formation,  Cap d 'A n t i f e r .
FIG. 46: Inso lub le  residue ana lys is  o f  marly -cha lk  bands, southwest 
T i l l e u l  Plage.
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FIG. 47: Inso lub le  residue ana lys is  o f  marly -cha lk  bands w i t h in  the 
T i l l e u l  Formation between Fecamp and Sennev i l le .
FIG. 48: Inso lub le  residue ana lys is  o f  marly -cha lk  bands, w i t h in  the 
T i l l e u l  Formation a t  Bacquev i l ie ,  River Seine.
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FIG. 49; Inso lub le  residue ana lys is  o f  marly -cha lk  bands w i t h in  the
Sennev i l le  Formation between Sennev i l le  and E lé to t .
FIG. 50: Inso lub le  residue ana lys is  o f  marly -cha lk  bands a t  var ious
l o c a l i t i e s  w i th in  the P1erre-en-Port  Formation. (1. É lé to t .
2. Fonds d 'E t lgue .  3. Valleuse du Curé. 4. Northeast
E t r e ta t .  5. La Manne Por te ) .
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FIG. 51: Inso lub le  residue ana lys is  o f  marly -cha lk  bands a t  var ious 
l o c a l i t i e s  w i th in  the P ie r re -en -P o r t  and Yport Formations (1. 
Pe t i tes  Da l les .  2. St. P ie r re -en -P o r t .  3. Vaucottes.  4. 
G ra in v a l ).
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Marly-Chalk Bands) based on major d i f fe rences  in s t r a t i f i c a t i o n  and 
composi t i o n :
S .K . i . a .  Interbedded Marly-Chalk Subfac ies: In the f i e l d ,
interbedded marly -cha lks  occur at  0.3-1 metre i n t e r v a l s ,  of ten 
character ized by gradat ional  boundaries (Pla te 288) r e s u l t in g  from 
intense burrowing (P la te  28F). Marly-chalk f la s e rs  are usua l ly
weakly developed but occas iona l ly  s o l i t a r y  m a r l - s o lu t io n  seams may 
occur (P la te  288). M ar l -so lu t ion  seams p a ra l le l  pr imary bedding
features but are not re la ted  to o r ig in a l  d i s c o n t in u i t y  surfaces. 
They are the re fo re  s im i l a r  to pseudo-bedding planes descr ibed by 
Simpson (1985).  Often m ar l -so lu t ion  seams or pseudo-bedding planes 
are replaced by a semi-cont inuous seam f l i n t  band (P la te  288).
Interbedded marly -cha lk ,  is character ized ,by a change from a 
f a i n t  dark to l i g h t  grey colour  (P late 28A - 288). Subsequent 
inso lub le  residue ana lys is  o f  marly-chalk beds (see Fig.  45 and also 
Appendix VI f o r  methods) shows th is  to be due to an upward decrease in 
non carbonate content  ranging from 17 - 8%. X.R.D. t races (F ig .  45) 
and S.E.M. photo-micrographs (Pla te 31A - 31E) o f  the non carbonate 
f r a c t i o n  reveals  a composi tion dominant ly o f  c lay minerals (smect i tes 
97%, i l l i t e s  3%) w i th  subs id ia ry  amounts o f  ske le ta l  s i l i c a ,  d e t r i t a l  
quartz and cl i n o p t i l o l i te.  Thin sect ion ana lysis also revealed the 
occurrence o f  g laucon i te ,  phosphate, cher t  and p y r i t e .
Corresponding w i th  an upward decrease in non carbonate mater ia l  
is  an upward decrease in carbonate biogenic cons t i tuen ts  (F ig .  45). 
The marly -cha lk  is  composed of  nannofossi l  mudstones (Pla te 28C - 28D) 
- the base o f  a bed is  t y p i c a l l y  composed of  abundant nannofossil  
debris (P la te  28D) but f ines  up in to  dispersed nannofossi l  mudstones 
(Pla te 280). Some f i n i n g  up marly-cha lk beds show an upward increase 
in m ic r i t e  ranging from 10-30% (Fig.  45).
Aside from the f in in g -u p  nature of  ind iv idua l  beds, the overa l l  
mar ly -chalk  sequence at  Cap d 'A n t i f e r  (Fig.  45) shows a general 
upwards decrease in  ske le ta l  s i l i c a  corresponding w i th  an increase in 
glaucon i te  and quartz grains (e.g.  Plate 310) towards the A n t i f e r  
Hardgrounds.
Large grey granu la r  f l i n t  bands usua l l y  develop w i th in  the upper 
less marly and f i n e r  grained por t ion  of  the marly-chalk  beds (P la te 
288). These f l i n t s  t y p i c a l l y  t race id iomorphic Thaiassinoides
burrows and o f ten  incorporate  s i l i ce ous  sponge skeletons (P la te 28E).
Interbedded Marly-Chalk Subfacies is present at  the base o f  the
PLATE 28:
28A Mar1y-Chalk Faciès from the Craie de Rouen Formation, Point  du 
Fourquet (see also Fig .  45).  Scale: rope r ing  (R: 15cm diameter) .
288 Interbedded mar ly-chalks d isp la y ing  f a i n t  grada t iona l  bedding 
(G8P - poor ly  def ined in  photograph).  Pointe du Fourquet.  Note: 
burrow and sponge f l i n t s  (F) developed towards top o f  beds. 
Semi tabu la te  f l i n t  (T8F) oc c as iona l ly  f o l l o w  pseudo-bedding plane 
o f  a m a r ly -s o lu t io n  seam. Scale: Hammer handle (5cm i n t e r v a l s ) .
28C Photomicrograph : Dispersed nannofoss i l  mudstone composit ion o f
mar ly -chalk  sample taken a t  the top o f  a marly -cha lk  bed. Scale 
bar: 500 pm. (sample: T3, log T3A).
280 Photomicrograph: S i l t y  Nannofossi l  mudstone composit ion o f
marly -cha lk  sample taken a t  base o f  the bed showing increased 
amounts o f  fragmented m ic ro fo s s i l  debr is  and some inoceramid 
s i l t .  Scale bar: 500 pm. (sample: T7, log:  T3A).
28E Grey g ranu la r  f l i n t s  in c o rp o ra t ing  sponge skeletons.  Pointe du 
Fourquet. Scale: Hammer handle (5cm in t e r v a l s ) .
28F Slabbed sample ( o i l  s ta ined)  o f  marly-cha lk  d isp lay ing  
semi-compressed burrow s t ru c tu re s .  Scale bar: 10mm. (sample:
T l ,  log:  T3A).
28G Photomicrograph : Thin sect ion o f  sample T12 ( log :  T3A)
d isp lay ing  b io tu rba ted  mar ly -cha lk  f a b r i c  w i th  an 
inoceramid/bryozoan wackestone composi t ion.  Bryozoan fragments 
(8Y). Scale:  1mm in te r v a l s .
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chalk succession (of  t h i s  study) and comprises most o f  the Craie de
Rouen Formation.  The re s t  of  the Haute Normandie succession is
character ized by the occurrences of  the Marly-Chalk Band Subfacies
(see below).
S .K . i . b .  Marly-Chalk Band Subfacies: Marly-chalk bands range from
5-30 cm thickness  and are character ized by a dark to l i g h t  grey or 
greeny grey c o lo u ra t io n .  In the f i e l d ,  most marly-chalk  bands are 
def ined by sharp lower bedding plane boundaries and gradat ional  upper 
bedding margins (e.g .  Plates 290 - 290, 30A, 300). However, some 
marly -cha lk  bands are character ized by sharp planar upper margins w i th  
lower grada t iona l  burrowed margins (Plate 29A). A slabbed v e r t i c a l  
sec t ion through t h i s  lower margin (P late 298) reveals large l i g h t - g r e y  
Thaiassinoides burrows re-worked by l a t e r  dark grey, a rg i l laceous  r ich  
Zoophycos burrows. This c lo se ly  resembles Bromley's (1975) omission 
and post omission s u i te  ichnofaunas.
Oompactional pressure so lu t ion  fab r ic s  o f  marly-cha lks  are most
pronounced in the Marly-Chalk Band Subfacies,  esp e c ia l l y  when
marly -cha lk  bands are developed above or between chalkstone fac ies
(e.g.  Plates 290 - 29E, 300 - 30E). Development o f  marly-chalk
«
f la s e rs  (e .g .  Plate 30E) takes place where there is increased 
compactional pressure s o lu t i o n .  This is s im i l a r  to chalk f l a s e r
fa b r ic s  (e.g .  Section 3 . 8 . i . ) .  L igh t  grey a rg i l la ceous-poor  chalk,  
burrow i n f i l l s  and i s o la te d  patches between marly-cha lk burrows (P.late 
30E) are modif ied through compaction and pressure so lu t ion  in to  
hardened e l l i p s o i d a l  marly-chalk  lenses. S.E.M. examinat ion of  a 
so lu t ion  seam from a mar ly -chalk  f l a s e r  f a b r i c  (P la te 31A, 31F) 
reveals la rge concentra t ions o f  o r ien ta ted  c lay minerals.
There is  a d i s t i n c t  v e r t i c a l  and la te ra l  s t ra t ig ra p h ie  v a r ia t i o n  
in the non carbonate composi t ion w i th in  marly-chalk bands throughout 
the Haute Normandie succession (Figs.  46 - 51). L igh t  green-grey 
coloured g l a u c o n i t i c  marly -cha lk  bands (e.g.  Fig.  46 - A n t i f e r  Marl) 
are developed a t  the base o f  the T i l l e u l  Formation (Upper Cenomanian) 
along the southwest coastal  (A n t i f e r )  and River Seine sect ions.  
G laucon i t ic  marly -cha lk  bands are replaced higher in the T i l l e u l  
Formation by o rd ina ry  a rg i l laceous  r ich  ( l i g h t  grey coloured) 
marly-cha lk  bands. This is due to a general upward decrease in
g laucon i te  and s i l t / s a n d - s i z e d  non carbonate m a te r ia l .  Greater 
amounts o f  sand-sized d e t r i t a l  quartz grains occur w i th in  marly-cha lk 
bands o f  the lower T i l l e u l  Formation ( i . e .  A n t i f e r  Member) to the
PLATE 29:
29A Marly -cha lk  band ( i . e  SennevUle Marl 2 - SM2) charac te r ized  by a 
grada t ional  lower boundary and p lanar  upper boundary (see Fig.  
49).  From Le Chein Neuf, Sennev i l le .  Scale: lens cap (5cm
di ameter) .
29B Slabbed sample ( o i l  s ta ined)  taken through the lower boundary o f  
Sennev i l le  Marl 2. Note: Large l i g h t  grey coloured
Tha iass ino ides (T) and dark grey coloured streaks o f  Zoophycos 
(Z).  Scale bar: 10cm. (sample: SC13B, log:  F5).
290 Marly-cha lk  band (MOB) o v e r - r i d in g  i n c i p i e n t  hardground surface 
o f  a nannofoss i l  nodular chalkstone (NO), nor theas t  E t r e ta t  
Plage. Scale:  hammer handle (40cm h igh ) .
290 Marly -cha lk  band ( i . e .  Pe t i tes  Oalles Marl : POM) ove r ly ing  
planar  hardground (H) w i th in  the channel-scour complex, nor theas t  
E t r e ta t  Plage. Scale: lens cap (5cm d iameter) .
29E Slabbed sample (oi l -  sta ined)  o f  prominent mar ly -cha lk  f l a s e r  
developed a t  the top o f  the Pe t i tes  Oal les Marl .  Scale bar: 
10mm. (sample: EM, log:  E l l ) .
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PLATE 30:
30A Mar ly -chalk  band ( i . e .  P e t i te s  Dal les Mari - MCB) o v e r - r i d in g  
hardground. Fonds d 'E t ig u e .  Scale:  lens cap (5cm d iameter) .
30B Marly-chalk  band (MCB) o v e r - r i d i n g  hardground and i n f i l l i n g  a 
scour s t ru c tu re ,  nor theas t  T i l l e u l  Plage. Scale: lens cap (5cm
di ameter) .
30C Two marly -cha lk  bands (MCB) sandwiched between an inoceramid
chalkstone (IC) and a conglomerate chalk (CC), southwest T i l l e u l  
PI age.
30D Mar ly -chalk  bands (c lose up o f  P la te  30C) (MCB) showing f l a t te n e d  
burrows ove rp r in ted  by m ar ly -cha lk  f l a s e r  f a b r i c .  Conglomerate 
chalk (CC). Inoceramid cha lkstone ( IC ) :  Scale: coin (2cm
d iam e te r ) .
30E Slabbed sample o f  m ar ly -cha lk  showing deformed burrow f a b r i c  (B) 
and developing s o lu t i o n  seams (SS) and chalk nodules (CN). 
(sample: T19, log:  T3A)
30F Photomicrograph o f  m ar ly -cha lk  showing an inoceramid wackestone 
composi tion and a s l i g h t  p a r a l l e l  a l igment o f  inoceramid prisms
(speckled l i g h t  grey coloured p a r t i c l e s :  s i l t - s i z e d  inoceramid
pr isms).  Scale bar: 1mm i n t e r v a l s ,  (sample: GVM, log :  F8).
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southwest o f  the region along the Seine c l i f f  sect ion (F ig .  48). 
Very f i n e  grained c la y -s ized  (<2 microns) quartz grains are most 
abundant a t  the same level  to the nor theast along the Fecamp sect ion 
(Fig.  47). Auth igen ic  cl i n o p t i l  ol i te i s  dominant in  most marly-cha lk 
bands w i th in  the lower T i l l e u l  Formation but only present along the
southwest coastal  ( A n t i f e r )  and River Seine sect ions (Figs.  46, 48).
At the same leve l  but  to the nor theast along the coastal  Fecamp 
sect ion ,  sand-sized au th igen ic  fe ldspars  (e .g .  Plate 31K) are a common 
fea ture  o f  the mar ly -cha lk  bands.
Throughout the re s t  o f  the Haute Normandie succession,
mar ly -chalk  bands are c h a r a c t e r i s t i c a l l y  l i g h t  to dark grey in co lour .  
They contain a dominance o f  c lay  minerals (Figs.  49, 50, 51) w i th  very 
c h a r a c t e r i s t i c  s m e c t i t e - i l 1i te aggregates forming most o f  the
sand-sized non carbonate f r a c t i o n  (P la te ’31G, • 311, 31J).
C l i n o p t i l o l i t e  on ly  occurs in  two marly-chalk  bands along the
northeast coastal sec t ion  (Fecamp) a t  the top of  the T i l l e u l  Formation 
(Fig.  47) and base o f  the Sennevi l le  Formation (F ig .  49).  Very few 
other non carbonate gra ins  occur w i th in  the upper marly-chalk  bands of
the Haute Normandie succession.
Marly -cha lk  bands show marked la te r a l  v a r ia t i o n  w i th in  the
Sennev i l le ,  P ie r re -en -P o r t  and Yport  Formations across Haute
Normandie. A prominent sequence o f  marly-chalk  bands occur r ing
w i th in  nannofossi l  mudstones is  developed along the northeas t coastal 
sect ion w i t h in  the lower p a r t  o f  the Sennev i l le  Formation (Fig .  48, 
Plate 29A) but are absent along the southwest ( T i l l e u l  to E t re ta t )  and 
River Seine ( Bacquevi11e) sect ions.  In c on t ras t ,  a greater
proport ion o f  marly -cha lk  bands occur in the P ie r re -en -Por t  and Yport 
Formations (F igs.  50, 51) along the southwest coastal sect ion ( T i l l e u l  
to Fecamp) than along the nor theast  coastal  sect ion  (Sennev i l le  to 
Veu le t tes ) .  Mar ly -cha lk  bands occurr ing  along the southwest coastal 
sect ion ( T i l l e u l  to Fecamp) are best developed above chalkstones 
(Plates 29C - 290, 3ÜA - 3GB) o f ten  associated w i th  channel-scour
s t ruc tu res .  Some marly -cha lk  bands are charac ter ized by regional
la te ra l  v a r ia t i o n s  in  biogenic composi t ion across the Haute Normandie 
region. For example, the Pe t i tes  Dalles Marl is  r i ch  in
inoceramid/bryozoan mate r ia l  towards the centre o f  the basin 
(nor theas t coastal sec t ion )  but contains a bryozoan/echinoderm 
composi tion w i th  the channel-scour complex towards the western margin 
of  the basin ( E t r e t a t  to T i l l e u l  coastal  sec t ion ) .
PLATE 31:
S.E.M. ana lys is  o f  interbedded marly -cha lks
31A S.E.M. photomicrograph: Mar ly -cha lk  matr ix  showing s l i g h t
pre fe r red  o r ie n ta t i o n  o f  p la tey  c lay  mineral  p a r t i c l e s .  Scale 
bar: 10 pm. (sample B l ,  Bruneval Plage).
31B S.E.M. photomicrograph: Mar ly -cha lk  ma tr ix  showing view of
f o r a m in i f e r i d  t e s t  (cent re )  surrounded by m a t r ix .  Scale bar: 
10 pm. (sample: Bl ,  Bruneval Plage).
31C S.E.M. photomicrograph: Inso lu b le  residue f r a c t i o n  o f
marly -cha lk  sample. Inso lub le  res idue o f  the sand-sized
f r a c t i o n  showing many s i l i c e o u s  b iogen ic  grains o f  s i l i c e o u s  
sponge sp icu les  (S) and occasional smect i tes (SM). Scale bar: 
100 pm. (sample: BMl, lo g :  S I ) .
310 S.E.M. photomicrograph: Very f i n e  sand-sized quartz  g ra in .
Scale bar:  10 pm. (sample: BMl, log :  S I ) .
31E S.E.M. photomicrograph: A p y r i t e  f ramboid poss ib ly  conta in ing
c lay  minera ls  ( c . f .  Pol l  as t ro  1981). Scale: 100 pm. (sample:
BMl, log :  S I ) .
S.E.M. ana lys is  o f  marly -cha lk  bands
31F S.E.M. Photomicrograph o f  m i c r o s t y o l i te  developed in  marly -cha lk  
showing p re fe r red  o r ie n ta t i o n  o f  c la y  minerals  and biogenic 
g ra ins .  Normal marly -cha lk  m a t r ix  (CM) shown in  corner .  Scale 
bar: 10 pm. (sample: T19, log :  T3A).
31G S.E.M. photomicrograph: Inso lub le  residue from a marly -cha lk
band (sand-sized f r a c t i o n )  showing assortment o f  deb r is :  c lay
mineral aggregates (CMA), s i l i c e o u s  ske le ta l  p a r t i c l e  (SK) and
Quartz g ra in  (Q). Scale bar: 100 pm. (sample: SM6, log:  F4B).
31H S.E.M. photomicrograph: Quartz g ra in  (Q) surrounded by c lay
mineral aggregates (CMA). Scale bar:  10 pm. (sample: SM6,
log :  F4B).
311 S.E.M. photomicrograph: Amorphous c lay  mineral  aggregate.
Scale bar:  10 pm. (sample: SM6, log :  F4B).
31J S.E.M. photomicrograph: Amorphous c lay  mineral  aggegate. Large
p l a t e - l i k e  minera l ,  poss ib ly  i l l i t e  ( I ) ,  embedded in aggregate. 
Scale bar:  100 pm. (sample: SM6, log :  F4A).
31K S.E.M. photomicrograph: Feldspar g ra in .  Scale bar:  10 pm.
(sample: FAN, log :  F IA ) .
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3 . K . 1 1 .  D i s c u s s i o n :
The Marly-Chalk Facies o f  Haute Normandie is  c l e a r l y  primary in 
o r i g i n  as shown by d i s t i n c t i v e  bedding featu res (e .g .  Plates 28, 29, 
30) and by the v e r t i c a l  p ip ing o f  one type of  sediment in to  another 
(mar ly -cha lk  and/or purer chalks) by burrowing organisms (e.g .  Plates 
29F, 29B). The preservat ion o f  sharp burrow boundaries w i th in
mar ly -chalks may in d ic a te  f i r m  sedimentary subs trate cond i t ions during 
depos i t ion o f  the sediment (Frey & Bromley 1985).
Smectite c lay  minerals  are the most dominant inso lub le  residue 
component o f  the Marly-Chalk Subfacies.  The absence of  mixed
la ye r ing  and e x c e l le n t  c ry s ta l  1 i n i t y  o f  the smecti tes (see X.R.D. 
t races in Figs.  45 - 51) s t ron g ly  suggests an au th igen ic  o r i g i n  fo r  
smect i tes (e .g .  Pomerol & Aubry 1977, Spears 1979, Kennedy 1980, 
Pacey 1983) which are in te rp re ted  as being der ived from in s i t u  
d iagenet ic  a l t e r a t i o n  o f  d e t r i t a l  and/or vo lcan ic  m a te r ia l .  The 
occurrence o f  c l i n o p t i l o l i t e  in some mar ly -chalks (F igs.  45 - 49) may 
be comparable to d ia g e n e t i c a l l y  produced c l i n o p t i l o l i t e  w i th in  a l te red  
Cretaceous vo lcan ic  debr is from A t l a n t i c  D.S.D.P. cores (Pomerol & 
Aubry 1977).
The Interbedded Marly-Chalk Subfacies may have been deposited 
under one or  both o f  the fo l lo w in g  environmental cond i t ions :
1. A more or less cont inuous terr igenous supply w i th  rhythmic 
f l u c t u a t io n s  in  carbonate depos i t ion.
2. A f l u c t u a t i n g  supply o f  both terr igenous and carbonate
mater i a l .
From both pétrograph ie  and f i e l d  evidence i t  is  impossible to 
p inpo in t  the exact mode o f  mar ly -chalk  depos i t ion .  However, the 
l a t t e r  process poss ib ly  best exp la ins the ty p ic a l  f i n in g -u p  bedding of  
interbedded marly -cha lks  which show the fo l low ing  fea tu res :
1. A sharp base fo l lowed by increased concentra t ions  of
te rr igenous mate r ia l  (e .g .  Fig.  45) and increased amounts of  
s i l t / s a n d - s i z e d  ske le ta l  components (F ig.  45, Plate 28D).
2. Upward passage in to  a greater  th ickness o f  d i lu ted
terr igenous mate r ia l  w i th  g reater  carbonate mi c r i t i c  matr ix
content  (F ig .  45, Plate 28C).
Both these fea tures  suggest an i n i t i a l  high energy event fo l lowed 
by a decreasing energy regime w i th  increas ing pe lag ic  sedimentation 
towards the top o f  beds. The increased c lay  minerals and d e t r i t a l  
quartz at  the base o f  the beds r e f l e c t s  increased cu r ren t  a c t i v i t y
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br ing ing  in increased amounts o f  terr igenous m a te r ia l .
A l t e r n a t i v e l y ,  Ha t t in  (1971) suggested th a t  s im i l a r  c y c l i c  
bedding in American chalks may a r ise  from a f l u c t u a t i n g  supply of
te rr igenous mate r ia l  aga inst  a background o f  cont inuous carbonate
depos i t ion .  In the Haute Normandie chalks,  however, i t  i s  d i f f i c u l t  
to perceive t h i s  mechanism when increases or decreases in  terr igenous 
content also coincides w i th  changes in ske le ta l  composit ion and grain 
s ize (F ig .  45).
S im i la r  cond i t ions  are re f l e c te d  in the Marly-Chalk Band 
Subfacies o f  the lower T i l l e u l  Formation (P la te  30C, 30D) however, the 
p ic tu re  is  compl icated by the fac ies  assoc ia t ions o f  inoceramid 
chalkstones (e.g Plate 30C) and conglomerat ic chalks (e.g Plate 30D). 
This is  due to more cont inuous higher energy cond i t ions  and other  
f ac to rs  which are not ev ident  in the format ion o f  interbedded 
marly-cha lks.
In con t ras t ,  o ther  marly-chalk  bands pos i t ioned higher  in the 
Haute Normandie succession (e .g .  Figs. 47, 49 - 51) occur as th in
iso la ted  beds ove r r id in g  var ious hardground/omission sur fac ies  (e.g.  
Plates 29, 30) and show a marked change in composit ion ( i . e .  low
s i l t / s a n d -s i z e d  quartz ,  no g laucon i te ,  numerous sand-sized c lay 
mineral aggregates).  Bedding featu res and composi t ion o f  these
marly-chalk  bands compare c lo s e ly  w i th  o ther  marly -cha lk  examples
recorded by previous workers in Upper Cretaceous chalks (e.g .  Valeton
1960, Pacey 1984) which were in te rp re ted  as tuf faceous in f lu x e s  from 
volcanogenic events. The c lay  mineral aggregates o f  smect i te
minerals (Pla te 31G, 311 - 31J) are in te rp re ted  as the products of
decomposed vo lcan ic  ash (e.g .  Pacey 1984).
However, a prominent feature  of  marly-cha lks produced by 
vo lcan ic  debr is is  t h e i r  l a te r a l  pers is tence,  pe rm i t t in g  widespread 
" teph roch rono -s t ra t ig ra ph ic "  c o r re la t io n  over basin areas (e.g.  
Valeton 1959). Al though marly-chalk  bands from c e r ta in  le ve ls  in
the Haute Normandie succession contain degraded vo lcan ic  mater ia l
(Pomerol & Aubry 1977 and th i s  p ro je c t )  they are o f ten  o f  l im i te d  
la te r a l  ex ten t  in the Haute Normandie region (e .g.  Sennev i l le  Marls - 
see 'Chapter 2D). This is  a t t r i b u te d  to d i f f e r e n t i a l  sedimentat ion
and erosion o f  sequences which occurs w i th  f requent  r e g u l a r i t y  w i th in
the channel-scour complex (see Chapter 4).
The f a c t  tha t  most mar ly -chalks are less wel l  cemented than other 
s o f t  chalk fac ies  (e.g.  Inoceramid Wackestone Facies, Nannofossi l
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Mudstone Facies e t c . . )  suggests a general p r e fe re n t ia l  d is s o lu t i o n  of  
carbonate w i th in  mar ly -chalks and subsequent p r e c ip i t a t i o n  o f  c a l c i t e  
w i th in  these adjacent fac ies .
This diagenet ic  export  o f  carbonate w i th in  marly -cha lk  beds may 
"accentuate the pr imary composit ional  v a r ia t io n s  in the sediment" 
(Schol le  e t  al 1983). This view was also favoured by Ernst  (1982)
who accounts f o r  increases in  grain s ize w i th in  marly-cha lks as a by 
product o f  s e le c t i v e  calcium carbonate d is s o lu t i o n  occur r ing  dur ing 
sedimentat ion.  However, i t  i s  u n l i k e l y  tha t  "d iagenet ic  unmixing" by 
e i t h e r  e a r ly  or  l a te  carbonate d is s o lu t i o n  produces the interbedded 
marly-cha lk  sediment c h a r a c te r i s t i c s  w i th in  the Haute Normandie 
chalks.  Evidence f o r  t h i s  i s  seen in the good preserva t ion  o f  both 
burrow s t ruc tu res  and ske le ta l  grains (P la te 28F, 28G).
In many marly -cha lk  bands however, pressure s o lu t i o n  fa b r ic s  are 
very pronounced and may accentuate the pr imary composi t ion as we l l  as 
r e s u l t i n g  in  ove ra l l  th inn ing  o f  the marly -cha lk  band. In such 
marly -cha lk  bands (e .g.  Plate 29D - 29E), hardened e l l i p s o i d a l  shape 
nodules o f  a rg i l laceous  poor chalk are considered to be local  
p r e c ip i t a t i o n  s i te s  o f  calcium carbonate der ived from the so lu t ion  
seams. S im i la r  features are also descr ibed in chalk f l a s e r  fa b r i c s  
(Sect ion 3 . B . i . ) .
3.L.  CONGLOMERATIC CHALK FACIES:
The Conglomeratic Chalk Facies occurs in the T i l l e u l  Formation 
along the Seine River sect ion (e.g.  Bacquevi l le ,  g . r :  2,189-54,987) 
and both northeas t (e .g.  Fecamp-Sennevi11e, g . r :  2,190-55,297 to
2,131-55,314) and southwest (e .g.  A n t i f e r - É t r e t a t ,  g . r :  2,409-55,208 
to 2,368-55,229) coastal sect ions.  Higher in the Haute Normandie 
succession, conglomerat ic chalks are most common in the channel-scour 
complex o f  the Sennev i l le  and P ie r re -en -Por t  Formations along the 
T i l l e u l - E t r e t a t  coas t l ine  ( g . r :  2,409-55,208 to 2,368-55,229).
3 . L . i . General c h a r a c te r i s t i c s  and composi tion o f  the fac ies
'Conglomeratic chalks are composed o f  cemented chalk pebbles and 
occassional cobbles w i th  rounded and subangular morphologies (Plates 
32, 33). Most chalk pebbles possess sharp o u t l in e s  and are f ree  o f
marginal m in e ra l i z a t io n ,  bor ings and encrus ta t ions .  However, some 
pebbles d isp lay  g laucon i t ized  (Pla te 32F) and/or phosphat ized outer  
margins w i th  associated bor ings and encrus ta t ions .
PLATE 32:
32A Thick hor izon o f  conglomerat ic chalk developed from nodular 
cha lk ,  southwest T i l l e u l  Plage. Burrow f l i n t s  (F).  Scale: 
lens cap (5cm diameter) .
32B Conglomerat ic chalk developed l o c a l l y  w i t h in  small scour 
s t ru c tu re  w i t h in  s e m i l i t h i f i e d  cha lk ,  E t r e ta t  Plage. Many 
c las ts  (CL) are s p a s t o l i t h i c  supported in a mar ly -cha lk  m a t r ix  
(M). Scale: Pencil (10 cm le n g th ) .
32C Conglomerat ic chalk occur r ing  in  small scour s t ru c tu re  w i th in
nodular chalkstone,  nor theas t  Fecamp. Clasts (CL) are
surrounded by marly -cha lk  m a t r ix  (M). Scale: lens cap (5cm
di ameter) .
32D Conglomerat ic chalk occu r r ing  a t  top o f  nodular chalkstone
hor izon, Aval Plage. Note: c lose packing and poor s o r t i n g  o f
c la s ts  (CL). Scale bar:  5cm.
32E Conglomerat ic chalk composed o f  d isco ida l  to subspheroidal
s e m i - 1 i t h i f i e d  c las ts  (CL) occur r ing  w i th in  a shal low scour,  
Plage de Golf .  Marly -cha lk  m a t r ix  (M) surrounds the c la s ts  and 
displays a f a i n t  f l a s e r  f a b r i c .  Scale: lens cap (5cm
d iam e te r ) .
32F Dispersed conglomerat ic chalk above g laucon i t i zed  hardground,
Sennev i l le .  Clasts (CL) are g la u c o n i t i z e d .  Scale: coin (2cm
d iam e te r ) .
32G Conglomerat ic chalk i n f i l l i n g  scour s t ru c tu re  w i t h in  mar ly -cha lk  
above a massive chalkstone hor izon.  Aval Plage. Conglomerate 
c l a s t  (CL) also cover hardground i n f i l l i n g  burrows and 
incorporated w i th in  the cha lkstone. Scale bar: 5cm.
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Most cong lomerat ic chalks are t h i n l y  bedded (10-40 cm th ickness)  
o f ten  occur r ing  as s ing le  l a t e r a l l y  discont inuous beds (up to 20 
metres length)  or lens-shaped deposi ts ove r ly ing  sharp erosion 
surfaces. Bedding geometries maybe s h e e t - l i k e  occur r ing  w i th in
nodular chalks (P la te  32A) or cover ing hardground surfaces o f  nodular 
and massive chalkstones (P la te  320, 32F, 32G). Many conglomerate 
beds form small lenso id  shaped deposi ts w i th in  scour s t ruc tu res  (P la te 
32B, 32C, 32E, 32G).
Conglomerat ic chalks are of ten c la s t  supported d isp la y ing  close 
packing and poor s o r t i n g  o f  chalk pebbles (e.g .  Plate 320). They may 
show crude grading up o f  chalk pebbles (P la te  32A, 32G). The 
sma l l -sca le  scour s t ruc tu res  range from 3-30 cms deep and up to 
several metres wide. They t y p i c a l l y  occur along the upper surfaces 
o f  nodular  chalks (P la te  32C, 32E) and along simple hardground
surfaces o f  nodular and massive chalkstones (P la te 32G). Due to the 
two dimensional nature o f  sea c l i f f  exposures i t  is  not  known i f  these 
scour s t ru c tu re  possess o r ien ted  channel forms.
Occas iona l ly  scours occur in dispersed nodular chalks producing a 
conglomerat ic chalk f i l l  o f  assorted l i t h i f i e d  and s e m i l i t h i f i e d  chalk 
pebbles (P la te  32E). Semi 1i t h i f i e d  or s p a s t o l i t h i c  chalk pebbles are 
d isco ida l  to subspheroidal  in shape. Discoidal  pebbles show no 
obvious im b r ic a t io n .
Within  conglomerat ic chalks compactional pressure s o lu t i o n  
processes produce l o c a l l y  developed l a t e r a l l y  discont inuous 
a rg i l la ceous  r i c h  s o lu t io n  seams (Pla te 33A, 33C). True s o lu t i o n  
seam fa b r i c s  on ly  occur in  the s o f t  chalk ma tr ix  between two c lo s e ly  
set  chalk pebbles (e .g .  Plate 33A). No con tac t  sutured seam
s t y l o l i t e s  were observed between adjacent chalk pebbles. Occasional 
burrow f l i n t s  may pass down through conglomerate chalk beds (P la te  
32A, 32D) fo l l o w in g  post depos i t iona l  burrows th a t  have penetrated the 
s o f t  matr ix  between the c la s t s .  No reworked f l i n t s  were found in the 
Conglomerat ic Chalk Facies.
The composi t ion o f  most cemented chalk pebbles are f i n e  grained 
nannofossi l  chalkstones (e.g .  Plate 33B ) or  inoceramid chalkstones 
(P la te 33D). The cemented chalk o f  chalk c la s ts  in conglomerat ic
chalks usua l l y  ex h ib i t s  the same preserva t iona l  c h a r a c t e r i s t i c s  as 
o ther  e a r ly  cemented chalks:  such as, randomly o r ien ta ted  uncrushed
ske le ta l  fragments and occasional sponge sp icu le  voids (P la te  33G). 
The s o f t  chalk m a t r ix  surrounding the chalk pebbles is  main ly  composed
PLATE 33:
33A Slabbed sample ( o i l  s ta ined)  of  conglomerat ic chalk composed o f  
rounded to subrounded pebbles (P) surrounded by a marly -cha lk  
matr ix  (M). Scale bar :  10mm. (sample: FCl, log:  FIA) .
33B Photomicrograph: General view o f  margin o f  pebble and
marly-chalk  m a t r ix .  Chalk pebble (P) composed o f  a nannofossi l  
mudstone. Marly -cha lk  matr ix  (M) i s  composed o f  an inoceramid 
wackestone-packstone. Scale bar: 500 pm. (sample: F6, log:
FIA).
33C Slabbed sample ( o i l  s ta ined)  o f  cong lomerat ic  chalk.  Rounded to 
subrounded pebbles and granules surrounded by mar ly -cha lk  w i th  
occasional s o lu t io n  seams (SS). Scale bar: 10mm. (sample:
FC2, log :  F2A).
33D Photomicrograph: General view o f  conglomerat ic chalk m a t r ix  (M)
w i th  a la rge  subrounded granule (G). Scale bar: 1mm in te r v a l s ,  
(sample: F6, log:  FIA).
33E Slabbed sample ( o i l  s ta ined)  o f  cong lomerat ic chalk w i th  rounded 
pebbles and granules in  a marly -cha lk  m a t r ix .  Scale bar:  10mm.
(sample FC3, log:  F2A).
33F Slabbed sample ( o i l  s ta ined)  o f  cong lomerat ic  chalk w i th  rounded 
to subrounded pebbles. Note: Subangular c la s ts  o f  echinoderm 
packstone (EPC). Scale:  10mm. (sample: E57, log :  E9).
33G Photomicrograph : General view o f  margin between pebble (P) and
echinoderm packstone m a t r ix .  Note: Syntaxia l  overgrowths (SO) 
on echinoderm gra ins .  Scale bar:  500pm. (sample: E57, log:
E9).
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of  s i l t  to sand-sized ske le ta l  wackestones (P la te 33B, 33D) and 
packstones (P la te  33G). O r ien ta t ion  o f  ske le ta l  p a r t i c l e s  in the 
s o f t  m a t r ix  may be random ( i . e .  b io tu rba ted)  or p a r t i a l l y  real igned 
subpara l le l  to the hard chalk pebble margin (P la te  33B).
3 . L . Ü .  Discussion:
S im i la r  desc r ip t ions  and examples o f  var ious types o f
conglomerat ic chalk are found in the l i t e r a t u r e ,  such as 'Hiatus
Concre t ions '  (Vo ig t  1968), ' I n t ra fo rm a t iona l  Conglomerates' (Kennedy
& Garrison 1975), 'Exposed Nodular Chalks' ( Ja rv is  & Woodroof 1984). 
I t  is  g en e ra l l y  accepted by these workers t h a t  conglomerat ic chalks 
are der ived from e a r ly  cemented chalks by sea f l o o r  exposure and
reworking by bottom cu r ren ts .  However, Jeans'(1980) uses several
c r i t e r i a  to d i s t i n g u i s h  between ' t r u e  conglomerates'  and 
'pseudo-conglomerates' in the f i e l d .  He s ta tes  tha t
'pseudo-conglomerates' are pressure s o lu t ion  products whereby chalk 
'pseudo-c las ts '  are modif ied by surrounding s o lu t ion  seams producing 
c h a r a c t e r i s t i c a l l y  sharp nodule o u t l i n e s .  Many conglomerat ic chalks 
from Haute Normandie possess sharp nodule margins (no m in e ra l i z a t io n ,  
bor ings and enc rus ta t ions )  but are character ized by the fo l l o w in g  
sedimentary fea tures  and are there fo re  in te rp re te d  to be of
sedimentary o r i g i n :
1. Most conglomerat ic chalks are associated w i th  d i s t i n c t i v e
erosion fea tu res ,  such as scour s t ruc tu res  and eroded
hardgrounds (P la te  32C - 32G).
2. Many cong lomerat ic chalks are poor ly  sorted (e .g .  Plate 32D)
and some conglomerat ic chalks contain  more than one c la s t  
type (e .g .  PI ate 33F).
3. Many c la s ts  are surrounded by a coarse winnowed m at r ix  (Pla te 
33B, 33D, 33G).
4. Pressure s o lu t i o n  seams are not ex tens ive ly  developed
throughout the i n t r a c l a s t  ma tr ix  and y e t  a l l  c la s ts  possess 
sharp margins (P la te  33A, 33C, 33E - 33F).
'The rare occurrence o f  s p a s t o l i t h i c  c la s ts  in the conglomerat ic 
chalks is compared to the eros iona l  i n te r p r e t a t i o n  o f  the ' s o f t  and 
p l a s t i c '  c la s ts  descr ibed in the southern Engl ish chalks (Kennedy & 
Garr ison 1975). In the Haute Normandie examples, however, the c la s ts  
are not i r r e g u l a r  in  shape but d isco ida l  (P la te  32E). S im i la r  
d i s c o id a l / e l l i p s o i d a l  c la s ts  are descr ibed by E l l e r  (1981) in the Red
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Chalks o f  eastern England . However, E l l e r ' s  i n t e r p r e t a t i o n  o f  these 
conglomerat ic chalks being mass-f low deposi ts cannot be app l ied  to the 
Haute Normandie examples. Mass-f low boulder-conglomerates and
mass-f low s o f t  chalks are charac te r ized  by o ther  d i s t i n c t i v e  features 
(see Section 3 . M . i . b . ).
The cong lomerat ic chalks o f  the Haute Normandie are there fo re  
a t t r i b u te d  to high energy cur ren ts  scour ing the sea f l o o r .  The ir  
close assoc ia t ion  w i th  e a r ly  cemented chalk sediment r e -a f f i r m s  the 
depos i t iona l  h ia tus  represented by the var ious chalkstone fac ies  (e .g.  
Sections 3 .C. ,  3 .E . ,  3.G.,  3 . 1 . ) ,  e s p e c ia l l y  w i th  massive chalkstone
and hardground development.
3.M. GRAVITY-FLQW CHALK FACIES
The Grav i ty -F low Chalk Facies is  r e s t r i c t e d  in development w i th in  
the Haute Normandie reg ion:  occur ing in the Sennev i l le ,
P ie r re -en -P o r t  and Yport  Formations o f  southwestern l o c a l i t i e s  
( e . g . A n t i f e r  to Fecamp, g . r :  2,409-55,213 to 2,201-55,283) i n t im a te l y  
associated w i th  chalk sequences i n f i l l i n g  both la rge and small scale 
channel s t ru c tu re s .  G rav i t y - f l o w  chalks produce d i s t i n c t l y  t h ic k e r  
un i ts  than the p rev io us ly  descr ibed conglomerat ic chalks (Sect ion 
3 . L . i . ) .
3 .M . i .  General c h a r a c t e r i s t i c s  and composit ion o f  the f a c i e s :
Grav i t y - f l o w  chalks are charac ter ized by three broad groups o f  
rock types and s t ruc tu res  der ived from the resedimentat ion o f  other
s o f t  chalk fac ies  (e.g .  Sect ions 3 .B . ,  3 . 0 . ,  3 .F . )  and chalkstone
fac ies  (e .g .  Sect ions 3 .C. ,  3 .E . ,  3.G.,  3 . J . ) .  For s i m p l i c i t y  the 
fo l lo w in g  d e s c r ip t i o n  is  based on a subd iv is ion  o f  g r a v i t y - f l o w  chalks 
in to  three subfac ies :  1. Slumped Chalk Subfacies;  2.
Boulder-Conglomerate Subfacies;  3. Mass-Flow Soft  Chalk Subfacies.
3 .M . i .a .  Slumped Chalk Subfac ies : Slumped Chalks are composed of
s o f t  chalks w i th  occasional in terbeds o f  chalkstone charac te r ized  by
i n t e r n a l l y  deformed ( fo lded )  s t r a ta  forming both s h e e t - l i k e  (e.g .  
Plate 34E) and l e n t i c u l a r  (concave-up) slump packages (P la te  34A - 
34B). Slump s t ru c tu re s  are t y p i c a l l y  l a t e r a l l y  discont inuous,  being 
conf ined to in te r -channe l  regions (e .g .  Plate 34A - 34B, 34E). Many 
slumped chalks possess s h e e t - l i k e  geometries w i th  upper t runca t ion  
surfaces def ined by a prominent erosional  hardground above a nodular 
or massive chalkstone hor izon (P la te  34E). Well preserved slump
PLATE 34:
34A Large scale slump s t ru c tu re  (SL) o f  interbedded s o f t  chalk and 
chalkstone hor izons occu r r ing  on the southwest margin o f  a 
channel s t ru c tu re ,  nor theas t  o f  Bruneval . Scale: Height o f
cl i f f  (40 metres)
34B A large scale bulbous-shaped slump f o l d  on margin o f  channel 
s t ru c tu re ,  northeast  T i l l e u l  Plage. Scale: Height o f  slump
fo ld  approximately 25 metres.
34C Slump f o ld  o f  interbedded s o f t  chalk and chalkstone hor izons,  
northeast  T i l l e u l  Plage. Scale:  cave entrance (approx: 15m).
340 Inver ted elongate boulder  o f  echinoderm massive chalkstone (EMC) 
supported in a nodular chalk m a t r ix  (M), Aval Plage. Scale: 
ladder (30cm s t r u t  i n t e r v a l s )
34E Slump f o ld  in s o f t  chalk and nodular  cha lk .  Aval Plage. Bedding 
def ined by burrow f l i n t  bands. Note: Streaked burrow f l i n t  (F)
in  f o l d  o f  slump.
34F Pronounced slump fo lds  (SLF) o f  dedolomit ized chalk w i th  
pseudo-bedding planes, nor theast  E t r e ta t .  Large chalkstone 
block (CB)_ o v e r - r i d in g  slumped s o f t  cha lk .
34G Laminated f a b r i c  in dedolomi t ized slumped chalk,  nor theast  
E t re ta t  Plage. Note: a rg i l la ceous  r i c h  so lu t ion  laminae (AL)
a l t e r n a t i n g  w i th  dedolomite r i c h  laminae. Scale: lens cap (5
cm di ameter) .
164
-
K -
'm ^ r \ 
a  «'<
165
s t ruc tu res  (e .g .  Plate 34B) d is p la y in g  l e n t i c u l a r  geometries show 
ove ra l l  t h inn ing -up  steep palaeoslopes (20° to 30° i n c l i n a t i o n )  along
channel margins.  Towards the top o f  the s lope, low angle f a u l t s  may 
be preserved (see Chapter 4 - Fig.  66),  o f ten  def ined by semi tabu la te  
seam f l i n t s .
Within the Slumped Chalk Subfacies,  s o f t  chalk bedding (e .g.  
nannofoss i l  mudstones, echinoderm wackestones, bryozoan wackestones) 
is  usua l l y  poo r ly  de f ined occu r r ing  as massive u n i ts  conta in ing
d i s t i n c t i v e  bands o f  burrow and sponge f l i n t s .  The occurrence o f  
f l i n t  bands w i t h i n  s o f t  chalks is  usua l l y  the on ly  i n d i c a to r  o f
deformed s o f t  chalk beds w i t h in  slump s t ru c tu re s  (P la te  34E).
Ooas ional  slump f o l d  f a b r i c s  are displayed in  s l i g h t l y
a r g i l l a c e o u s - r i c h  chalk (P la te  35F). Most c h a r a c t e r i s t i c  are 
contor ted and s t re tched  burrow f l i n t  morphologies assoc iated w i th  
fo lded s o f t  cha lk hor izons (P la te  34D). Occas iona l l y ,  pseudo-bedding 
planes (P la te  34F) and pseudo- laminat ions (P la te  34G) def ined by 
bedding p a r a l l e l  s o lu t i o n  seams develop w i t h in  t i g h t  slump f o ld  
s t ruc tu res  o f  s o f t  cha lk .
Nodular and massive chalkstone hor izons are l a t e r a l l y
d iscont inuous in  slumped cha lks ,  cha rac te r ized  by f requent  d i s lo c a t i o n  
in to  boulder and cobb le -s ized c la s ts  o f  b recc ia  chalkstone (P la te 
340). Large sheets o f  nodular and massive cha lkstone, up to 20
metres in leng th ,  may e x i s t  in slumped chalks - sometimes e x h ib i t i n g  
loca l  f r a c t u r i n g  and buck l ing  i n to  slump fo lds  (P la te  34C).
3 .M . i . b .  Boulder-Conglomerate Sub fac ies :
Boulder-conglomerates are composed o f  poor ly  sorted cemented 
chalk c la s ts  ranging from pebble to bou lde r -s ized  (e .g .  Plates 35A - 
35E). Some boulder-conglomerates inc lude b recc ia ted  f l i n t  (P la te
35C). Horizons o f  bou lder-conglomerates 1-4 metres t h i c k ,  produce
l a t e r a l l y  d iscont inuous s h e e t - l i k e  to lens-shaped depos i ts o f ten
i n f i l l i n g  sm a l l -sca le  channel s t ru c tu re s .  Horizons are
c h a r a c t e r i s t i c a l l y  t h in  and taper  l a t e r a l l y  c u t t i n g  out over 
hardground surfaces o f  nodular and massive cha lkstones. Lower 
boundaries o f  boulder-conglomerate hor izons are the re fo re  sharply  
def ined being in con tac t  w i th  an under ly ing  eroded hardground sur face. 
Upper boundar ies o f  boulder-conglomerates may be ( i )  Gradat ional
passing up i n t o  s o f t  c h a l k s , ( i i )  Sharply def ined passing up in to
ove r ly ing  nodular and massive cha lkstones (e .g .  Plate 35A).
PLATE 35:
35A Boulder -cong lomerate formed a t  the margin o f  a channel s t r u c tu r e ,  
northeas t T i l l e u l  Plage, showing la rge  bou lde r -s ized  fragments o f  
echinoderm chalkstone (ECH) are supported in  a s o f t  dedolomi t ized 
m atr ix .
35B Top surface o f  boulder-conglomerate composed o f  bou lde r-s ized  
chalkstone blocks (CB) supported in a dedolomit ized chalk m a t r ix  
(DM) w i th  chalkstone pebbles/cobbles.  From nor theas t  T i l l e u l  
Plage. Scale:  Hammer handle (5cm i n t e r v a l s ) .
35C Base o f  mass-f low conglomerate from Aval Plage, showing rounded 
to subrounded c la s ts  (CL) and b recc ia ted  f l i n t  (BF). Scale bar: 
10 mm.
35D Slabbed sample ( o i l  s ta ined)  o f  a mass-f low conglomerate showing 
rounded to sub-angular  c la s ts  (CL) supported in a f i n e  chalk 
m a t r ix .  Note: Fine f low  f a b r i c  and streaks o f  a rg i l la ceous
r i c h  laminae. Scale bar: 10mm. (sample: A36, log:  A2).
35E Flow f a b r i c  in  mass-f low conglomerate from Pointe de la  Cour t ine,  
showing rounded c la s ts  (CL) supported in an echinoderm wackestone 
matr ix  (M). Scale:  f i n g e r !  (4cm le n g th ) .
35F Flow f a b r i c  o f  slump f o ld  (SF) in a mass-f low chalk showing a 
streaked a r g i l l a c e o u s - r i c h  burrow f a b r i c  (SB). Scale:  lens cap 
( rad ius :  2.5 cm).
35G Mass-f low s o f t  chalk hor izons (MFC) in southern c l i f f  face o f  
Pointe de la  Court ine,  nor theast  T i l l e u l  Plage. Scale:  he igh t  o f  
c l i f f  (approx 25 metres).
35H Mass-f low s o f t  chalk hor izon (MFC) from Vaucottes Plage, showing 
an undu la t ing  f low f a b r i c  depic ted by f l i n t s .  Note: eros ive
scour ing (ES) o f  under ly ing  bed. Numerous Paramoudra (P) also 
occur w i th in  the hor izon.  Scale:  he igh t  o f  c l i f f  face (approx 
50 metres).
166
à
167
Boulder-conglomerates are dominately m a t r ix  supported o f ten
showing a crude upward-grading o f  c la s ts  (P la te  35A). Elongated 
boulders o f  b recc ia ted  nodular and massive chalkstone are t i l t e d  or 
inve r ted  (P la te  35B) as ind ica ted  by the o r i e n ta t i o n  o f  hardground 
sur faces . The in te rven ing  s o f t  m a t r ix  between the rounded and
subangular,  pebble-s ized c la s ts  sometimes d isp lays  a f a i n t  laminated 
f low f a b r i c  (P la te  35C - 35E). Flow fa b r i c s  may also be depicted
around la rge  chalkstone boulders (P la te  35A). S im i la r  examples have 
been re fe r re d  to as " i n j e c t i o n  phenomena" by Kennedy & Ju igne t  (1974).
Most cemented chalkstone c la s ts  o f  bou lder-conglomerates are 
composed o f  nannofoss i l  chalkstone and echinoderm cha lkstone. The 
in te rv e n in g  s o f t  i n t r a c l a s t  m a t r ix  i s  mainly  composed o f  coarse 
grained echinoderm wackestones-packstones. In most cases the s o f t
m a t r ix  i s  charac te r ized  by a b r i g h t  orange co lour  (e .g .  Plate 35A) 
d ep ic t ing  do lomite /dedo lomite  replacement.
3 . M . i . c .  Mass-Flow So f t  Chalk Subfacies Mass-f low s o f t  chalks are
occas i o n a l l y  associated w i th  la rge  scale channel s t ru c tu re s  between 
Bruneval and Fecamp along the southwest coastal sec t ion  o f  Haute 
Normandie. Horizons o f  mass-f low s o f t  chalk are cha rac te r ized  by 
t h ic k  (3 to 15 metres) massive u n i t s  o f  bryozoan mudstone-wackestone 
showing d i f f u s e  la y e r in g  def ined by th in  to t h i c k  bands o f  semi-
tabu la te  f l i n t s  (P la te  35G - 35H). Numerous la rge  paramoudra f l i n t s  
t y p i c a l l y  ramnify  mass-f low s o f t  chalks (e .g .  Plate 35H).
Most mass-f low s o f t  chalks d isp la y  l a t e r a l l y  ex tens ive  (up to 1km 
wide) sheet l i k e  to l e n t i c u l a r  (concave-up) geometr ies a t t a in i n g  
g rea tes t  th icknesses w i t h in  the cent re o f  the channel s t ru c tu re  and 
t h in in g  l a t e r a l l y  towards the channel margins (see Chapter 4 ) .  The 
lower boundary o f  mass-f low s o f t  chalks form p lanar  to undu la t ing  
t run ca t ion  surfaces producing occas. iona l  shal low scour s t ruc tu res
(P la te  35H). Upper boundaries to mass-f low s o f t  chalks are t y p i c a l l y
undulose g iv in g  a sense o f  sediment f lowage (e .g .  Plate 35G).
Coarser grained bryozoan packstone-wackestone t u r b i d i t e s  (Sect ion
3 . F . i . b . )  are also c lo s e ly  associated w i th  mass-f low s o f t  chalks 
occurring more or less a t  the same s t r a t i g r a p h ie  l e v e l .
3 .M .Ü .  Discussion;
G rav i t y - f l o w  chalks have been p rev ious ly  descr ibed in the Haute 
Normandie region by Kennedy & Ju igne t  (1974) and noted by Bromley & 
Ekdale (1986).  S im i la r  g r a v i t y - f l o w  fea tures  have been described
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by Watts e t  al (1980) and Nygaard e t  al (1983) from the Central Graben
of  the North Sea chalks but are represented in  the Haute Normandie
chalks on a much smal ler  scale and can be s tud ied in much more d e t a i l .
The Slumped Chalk Subfacies o f  Haute Normandie d isp lays  two
c h a r a c t e r i s t i c  types o f  in te rna l  deformat ion:
1. P l a s t i c  and f low deformat ion o f  a) s o f t  chalk between the 
c la s ts  (e .g  Plate 340, 34F) and b) Interbeds o f  s o f t  chalk 
(P la te  34A -34B).
2. B r i t t l e  deformat ion o f  chalkstone un i ts  dur ing the in te rna l  
deformat ion o f  the slump package (e.g .  Plate 34C).
Both processes (1 & 2 above) produce lo c a l i z e d  mixing o f
cha lkstones in to  the surrounding s o f t  chalk m a t r ix :  t h i s  is
p a r t i c u l a r l y  ev iden t  in  the loca l  r a f t i n g  o f  f ragmented bou lde r-s ized  
chalkstone blocks (P la te  340) in to  the surrounding s o f t  chalk beds. 
P la s t i c  f low  f o ld s ,  e s p e c ia l l y  those def ined by bedding and/or  bedding 
p a r a l l e l  lam ina t ions  (Pla tes 34E - 34F, 35F) also e x h i b i t  a cons is te n t  
sense o f  o v e r tu rn ing .
I n i t i a l  f a i l u r e  is  a t t r i b u t e d  to low angle f a u l t s  preserved up 
slope o f  i n t e r n a l l y  deformed slump packages o f  slumped chalks (see 
Chapter 4 ) .  Under ly ing chalkstone hardground surfaces o f  the channel 
margin (e .g .  Pla te  34B, 340 - 34E) ac t  as s l i d e  planes f o r  the l a t e r a l  
movement o f  o v e r ly in g  slumped chalks.
In c o n t ra s t ,  the Boulder-Conglomerate Subfacies is  dominated by
b r i t t l e  f a i l u r e  o f  nodular and massive chalkstone hor izons
in te r -bedded w i th  nodular chalks.  The o b l i t e r a t i o n  o f  o r i g i n a l
bedding fea tu res  by the thorough mixing and poor s o r t i n g  o f  c la s ts  is  
i n d i c a t i v e  o f  a rap id  depos i t ion  o f  these bou lder-conglomerates . 
Flow induced laminat ions  and f l u i d i z a t i o n  o f  the s o f t  m a t r ix  in 
boul der-conglomerates (P la te  35A - 35E) d isp lays  more "proximal
fea tu res "  to the chalk debr is  f lows descr ibed by Nygaard e t  al (1983 
F i g s . 7 & 8) from the Danish Central Graben. This p ro x im i t y  o f
boul der-conglomerates is  due to the shor t  t ra n s p o r t  d istances from the 
channel margins in t o  in te r -channe l  areas w i th in  small scale channel 
s t ru c tu re s  o f  the channel-scour complex.
The Mass-Flow So f t  Chalk Subfacies is  considered to be analagous 
to mud f lows and thus r e f l e c t i n g  longer t ra n s p o r t  h i s t o r i e s  w i t h in  the 
la rg e r  channel s t ruc tu res  between Valleuse du Curé and Yport  ( g . r :  
2,317-55,248 to 2,256-55,268).  Escape trace f o s s i l s  represented by 
paramoudra f l i n t  development in mass-f low s o f t  chalks is  i n d i c a t i v e  o f
FIG. 52: (A) Diagram showing a hypo the t ica l  evo lu t ion  o f  a s ing le  
g r a v i t y  f low ( a f t e r  Middleton & Hampton 1976). (B) Diagram 
showing a hypo the t ica l  evo lu t ion  o f  a g r a v i t y  f low  o f  chalk 
type sediment. The t r a n s i t i o n  from one f low type to another 
is  a func t ion  o f  1. The degree o f  coherence o f  the source 
sediment. 2. Mixing o f  water in the f low and 3. The t rave l  
speed ( from Nygaard e t  al 1983). (C) Diagram showing a
hypo the t ica l  e vo lu t ion  o f  g r a v i t y - f l o w  w i th in  the Haute 
Normandie chalks (mod if ied from Nygaard e t  al 1983).
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a rap id  mode o f  a l 1ochthonous chalk depos i t ion  (e.g .  Nygaard 1982, 
1983). C lose ly  associated w i th  the mass-f low s o f t  chalks is  the
development o f  t u r b i d i t i c  beds o f  bryozoan packstone-wackestone (see 
Section 3 . F . i . b . ).
A dynamic i n t e r p r e t a t i o n  o f  re-sedimented chalk sediment by 
slumping, mass-f low and t u r b i d i t y  cu r ren ts  can be summarized by 
Nygaard's e t  al (1983), exp lanat ion o f  g r a v i t y - f l o w  fea tures  w i th in  
chalk sequences (see Fig.  52) o f  the Danish Central Graben.'
Slumped chalks and boulder-conglomerates are generated in 
proximal environments o f  the channel-scour complex in small scale 
channel s t ru c tu re s  between Bruneval and É t r e ta t  (F ig .  52C). In 
c o n t ra s t ,  mass-f low s o f t  chalks and t u r b i d i t i c  bryozoan 
packstones-wackestones are generated in la rge scale channel s t ruc tu res  
between Va l leuse du Curé and Yport .
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4. CHALK STRUCTURES
4. A. INTRODUCTION
For more than a century  geo log is ts  have noted unusual bedding 
s t ru c tu re s  (P la tes  36, 37) w i t h in  the Turonian to Santonian chalks of  
Haute Normandie (e.g .  Hebert 1875, Cayeux 1916, 1935, Lombard 1956, 
Lemaitre 1965, Boltenhagen e t  al 1969, Ternet  1969, Kennedy & Ju ignet  
1974). The most obvious s t ruc tu res  are penecontemparaneous slumps
(see Chapter 3) which were f i r s t  descr ibed by Cayeux (1916, 1935). 
Other s t ru c tu re s  however inc lude anomalous small to la rge -sca le  
bedding fea tures  which can be most s imply descr ibed as concave-down or 
concave-up s t ru c tu re s .  In the past ,  concave-up s t ru c tu re s  (e.g.
Pla te  36) have been descr ibed by var ious  authors in  the fo l lo w in g  
ways :
1. "Depression" fea tures  (Lombard 1956) r e s u l t i n g  from a 
" c a ta s t ro p h ic "  t e c to n ic  a c t i v i t y  contemporaneous w i th  chalk 
deposi t i o n .
2. "Channels",  "Cuvettes" or "bas ins"  (Cayeux 1941, Lemaitre
1965) produced from eros ive  c u r re n t  a c t i v i t y .
3. " In te rbank  areas" (Kennedy & Ju igne t  1974) pos i t ioned
adjacent to acc re t ing  bioherms.
S i m i l a r l y  there has been l i t t l e  concensus on concave-down 
s t ruc tu res  (e.g Plate 37) which have been in te r p r e te d  as e i th e r  
" c u r re n t  mega-r ipp les"  (e .g .  Ternet 1969) or  acc re t iona ry  "bioherms" 
(Kennedy and Ju igne t  1974).
The major aim o f  t h i s  study has been to descr ibe and decipher the 
o r i g i n  o f  these s t ru c tu re s .  This has been achieved by:
1. Deciphering the o r i g i n a l  morphology o f  these s t ruc tu res  and
e re c t in g  a c l a s s i f i c a t i o n  scheme.
2. Discussing the processes respons ib le  f o r  the development o f  
the s t ru c tu re s .
3. Recording the s t r a t i g r a p h ie  and regional  d i s t r i b u t i o n  of  the 
s t ru c tu re s  in the basinal  con tex t .
4 . A . i .  Methods o f  ana lys is  o f  s t ruc tu res
Most previous s tud ies o f  these chalk s t ru c tu re s  have concentrated 
on the fea tures  preserved in the c l i f f  exposures along the e a s i ly  
access ib le  s t re t c h  o f  c oas t l ine  (e .g .  F ig .  53A) between T i l l e u l  Plage 
and É t r e ta t  Plage (e.g.  Cayeux 1935, Lombard 1956, Kennedy & Juignet
PLATE 36:
36A Coastal c l i f f  sec t ion look ing  eas t /southeas t  towards Jumel
showing large shal low concave-up s t ru c tu re .  Note: basal
t runca t ion  surface (T) and slump bedding (S). Scale bar: 
approx. 25 metres.*
36B River Seine c l i f f  sec t ion look ing  northwest towards
Bacquev i l le ,  showing a la rge  shal low concave-up s t ru c tu re  
def ined by a sharp basal t ru n c a t io n  surface (T).  Scale 
bar: approx. 50 metres.
36C Coastal c l i f f  sec t ion south o f  Cap d 'A n t i f e r ,  showing
several v e r t i c a l l y  stacked concave-up s t ruc tu res  def ined by 
basal t runca t ion  surfaces ( T ) . Scale bar:  approx. 25
metres.
360 Coastal c l i f f  sect ion look ing  southeast towards Le T i l l e u l
showing several concave-up s t ru c tu re s .  Truncat ion surface 
( T ) . Scale bar: approx. 25 metres.
36E Coastal c l i f f  sec t ion o f  Cap d ' A n t i f e r  look ing southeast.
Note: several concave-up s t ru c tu re s  are def ined by basal
t runca t ion  surfaces (T) w i th  ove r ly ing  slump bedding (S). 
Scale bar: approx. 25 metres.
*  See appendix VII  f o r  lo c a t ion  o f  photographed area along the 
Bruneval-Fecamp coastal c l i f f  sec t ion  (a lso app l icab le  to a l l  
photographs o f  coastal c l i f f  sect ions shown in Plates 36 - 37 and Figs 
57 - 66).
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PLATE 37:
37A Coastal c l i f f  sec t ion  between Vaucottes and Yport  showing a 
concave-down s t ru c tu r e  def ined by t run ca t ion  surfaces (T). 
Note: the pointed c re s t  to the concave-down s t ru c tu re .
Scale bar: approx 25 metres.
37B Coastal c l i f f  sec t ion  between Cap d 'A n t i f e r  and Bruneval 
showing a c h a r a c t e r i s t i c  concave-down s t ru c tu re  def ined by 
t runca t ion  surfaces (T).  Scale bar:  approx 20 metres.
37C Coastal c l i f f  sec t ion  between Vaucottes and Yport  showing a 
la rge asymmetrical concave-down s t ru c tu re  def ined by an 
outer  t runca t ion  surface (T).  Scale bar: approx 25
metres .
370 Coastal c l i f f  sec t ion  between Cap d 'A n t i f e r  and Bruneval 
showing two sm a l l -sca le  symmetrical concave-down s t ruc tu res  
def ined by an outer  t run ca t ion  surface (T).  Scale bar: 
approx 25 metres.
37E Coastal c l i f f  sect ion look ing southeast through Valleuse de 
Jambourg. A symmetrical concave-down s t ru c tu re  is  def ined 
by ou ter  t runca t ion  surfaces (T).  Scale bar:  approx 20
metres .
37F Coastal c l i f f  sec t ion along southwest T i l l e u l  Plage, showing 
a concave-down s t ru c tu re  resembling 'pseudo-crossbedding' .  
Scale bar:  approx 25 metres.
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1974).
c a r r ie d  out 
b e low:
1 .
In t h i s  study a more rep resen ta t ive  ex tens ive survey was 
using data from the fou r  major c l i f f  t raverses l i s t e d
2 .
3.
4.
West Bee de Caux coastal  sect ion  (F ig .  53A, g . r :  2,418 - 
55,185 to 2,365-55,238) cover ing 7 km o f  cont inuous 
c o a s t l i n e  between Bruneval and Porte d'Amont.
West Bee de Caux in land sect ion (F ig .  54B, g . r :  2,238-54990 
to 1,800-55,135) cover ing several r i v e r  c l i f f  exposures 
(e .g .  Plate 36B) along the north bank o f  the*R iver  Seine 
between Sandouvi l le  and Caudebec-en-Caux.
East Bee de Caux coastal  sec t ion  (F ig .  53B, 53C, g . r :  
2,365-55,238 to 2,223-55,273) cover ing 9.5 km o f  c o a s t l in e  
between Porte d'Amont and La Bonne P ie r re .
Pays de Caux coastal sect ion (F ig .  54A, g . r :  2,190-55,297 to 
1,938-55,950) cover ing 19 km o f  c o a s t l i n e  between Fecamp and 
Veu le t tes .
The occurrence o f  these s t ru c tu re s  is  found to be la rg e ly
conf ined to the west o f  the Haute Normandie region ( i . e .  West Bee de 
Caux) and w i th in  the Sennev i l le  to Yport  Formations (U. Turonian to L. 
Santoni an ) .
U n fo r tuna te ly ,  very l i t t l e  data were obtained from in land
exposures due to the small number o f  outcrops and incomplete sec t ions 
through these s t ru c tu re s .  I t  was also impossible to e s ta b l i s h  the 
ove ra l l  geometry o f  s t ruc tu res  from the a v a i la b le  r i v e r  c l i f f  and 
quarry sec t ions ( i . e .  West Bee de Caux, R iver  Seine s e c t io n ) .  
Fur ther  r e s t r i c t i o n s  were imposed by the general i n a c c e s s i b i l i t y  o f  
in land s i t e s  and nature o f  poor ly  weathered outcrops .
Fieldwork mainly  involved mapping on cont inuous and 
semi-cont inuous c l i f f  p r o f i l e s  o f  b lack-and-wh i te  and co lour  
photographs taken from shore and by boat (e .g .  Plates 36, 37). In 
con junc t ion  w i th  photographic p r o f i l e s ,  f i e l d  sketches o f  c e r ta in  
c l i f f  sect ions were d ra f ted  (see Appendix V I I )  w i th  p a r t i c u l a r
reference to prominent headlands and bays, as these al lowed a three 
dimensional recons t ruc t ion  o f  some s t ru c tu re s  (e .g .  Figs.  55, 56). 
From these composite sketch sec t ions ,  the general th ickness and
geometry o f  the s t r a ta  and sedimentary s t ru c tu re s  is  ascer ta ined.  
Prominent fea tures  such as f l i n t  bands, marl bands, cha lkstones and 
do lomite hor izons help d i s t i n g u i s h  s t ru c tu re s  . The maximum angle o f  
apparent dip o f  t h i s  s t r a t i f i c a t i o n  is  determined by using the
FIG 53: General l o c a l i t y  maps o f  the Haute Normandie region showing
major coastal  sect ions.  (A) Bruneval to nor theast  E t r e ta t .  
(B) Northeast E t re ta t  to Vaucottes.  (C) Vaucottes to 
Fecamp.
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a t t i t u d e  o f  the under ly ing hor izon ta l  beds as the datum.
A more d e ta i le d  f i e l d  ana lys is  invo lved a comprehensive logging 
and sampling program using ladders along coastal  sec t ions o f  selected 
s t ru c tu re s  (see Appendix I & V I I ) .  Where steep c l i f f  sec t ions proved 
too inaccess ib le  to ob ta in  rock samples, sedimentary data of  
p a r t i c u l a r  beds were ex t rapo la ted  along the c l i f f  face from the nearest  
access ib le  p o in t .
In the f o l l o w in g  d e s c r ip t i o n ,  the anomalous bedding s t ruc tu res
w i t h in  the Haute Normandie chalks are d iv ided  in to  two types: 1. 
Concave-up. 2. Concave-down s t ru c tu re s .  Facies sequences have been 
descr ibed and a fac ies  c l a s s i f i c a t i o n  i s  proposed which in troduces new 
te rm ino logy.  The reg ional  ex ten t  o f  the s t ru c tu re s  is  s tud ied w i th  
the aid o f  shal low seismic t raverses through Turonian to Santonian
chalks o f  the cen t ra l  Engl ish Channel region.  Comparisons are made 
w i th  o the r  chalk s t ruc tu res  occur r ing  w i t h in  sequences o f  French, 
Engl i sh ,  Scandinavian and American cha lks.
4.B. CONCAVE-UP STRUCTURES
In the f i e l d  i t  i s  usua l l y  d i f f i c u l t  to determine the t rue  three 
dimensional geomorphic expression o f  most concave-up s t ru c tu re s  due to 
the two dimensional cross sect ion o f  the t rend ing  c l i f f  exposure. 
Only a few d iscordan t  sect ions o f  some concave-up s t ru c tu re s  are
represented in  p ro t rud ing  headlands occu r r ing  a t  i r r e g u l a r  i n te r v a l s  
along the Haute Normandie c oas t l ine  (e .g .  Figs.  55, 56).
A l l  headland sect ions s tudied reveal an elongate trough-shape 
geometry to la rge concave-up s t ru c tu re s  w i th  a dominant 
sou theas t/nor thwest  ax ia l  t rend.  Between the headland l o c a l i t i e s  the 
general s t r i k e  o f  the c oas t l ine  is  sou thwest/nor theas t  ( i . e .  Cap 
d ' A n t i f e r  to Fecamp) and the c l i f f  face is  presumed to cu t  in te rven ing  
concave-up s t ru c tu re s  more or  less perpend icu la r  to t h e i r  axes. In 
the fo l l o w in g  d e s c r ip t i o n ,  measurements on s ize and shape were la rg e ly  
ob ta ined from these perpendicu la r  c l i f f  sec t ions .
The maximum diameter o f  concave-up s t r u c tu re s ,  show a wide 
spectrum o f  s izes ranging from several metres to over a k i lom e t re .  
S i m i l a r l y ,  the est imated maximum v e r t i c a l  th ickness may range from a 
metre f o r  shal low s t ruc tu res  (F ig .  63) to 60 metres f o r  l a rg e r  and 
deeper s t ruc tu res  (F ig .  61). The maximum recorded length  f o r  an 
ax ia l  p r o f i l e  o f  a concave-up s t ru c tu re  w i t h in  a coastal  headland 
measured on ly  175 metres (Fig.  56). However, a matching p a i r  o f
FIG 55: (A) Two dimensional sketch sect ion o f  the c l i f f  exposure
between ValJeuse d ' A n t i f e r  and Plage de Golf .
(B) Three dimensional represen ta t ion  o f  a la rge  trough 
shaped concave-up s t ru c tu re  passing through the headland of  
Pointe de la Court ine.  = Chalkstone
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FIG 56: (A) Two dimensional sketch sect ion o f  the c l i f f  exposure
between E t r e ta t  and nor theast Banc à Cuves.
(B) Three dimensional represen ta t ion  o f  a la rge trough 
shaped concave-up s t ru c tu re  passing through the headland o f  
Porte d'Amont.
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c ross -sec t ions  o f  1i t h o l o g i c a l l y  d i s t i n c t i v e  and s t r a t i g r a p h i c a l l y  
e q u iv a le n t  shal low concave-up s t ru c tu re  between the coast (P la te  36A) 
and River  Seine c l i f f  l o c a l i t i e s  (P la te  36B) suggests a minimum length 
26 km f o r  t h a t  p a r t i c u l a r  s t ru c tu re  w i th  a southeast/nor thwest  t rend.
The concave -up -p ro f i1e is  a r e s u l t  o f  two fea tu res :  1.
I n t r a fo rm a t io n a l  concave-up t runca t ion  surfaces and 2. Omission 
surfaces and convergent beds.
4 . B. i . I n t ra fo rm a t io n a l  t runca t ion  surfaces
Most concave-up s t ruc tu res  are charac te r ized  by a number o f  
d i s c o n t i n u i t y  surfaces (e.g .  Figs. 59, 60, 61, Plate 36).  The angle 
o f  apparent d ip  between these d i s c o n t i n u i t y  surfaces and the upsloping 
margin o f  the s t ru c tu re s  range from 5° to 25°. This r e s u l t s  in 
d i s t i n c t i v e  shal low (e .g .  Fig .  57) or deeper (e .g .  F ig .  58) concave-up 
p r o f i l e s .
The most conspicuous concave-up s t ruc tu res  are those def ined by
s in g le  steep 15° to 25° marginal d i s c o n t i n u i t y  surface (e .g .  Fig .  58). 
They have a c h a r a c t e r i s t i c  angular erosion surfaces which c l e a r l y  
t runca tes  the under ly ing  hor izon ta l  to subhor izonta l  bedding. 
Truncat ion surfaces may be sharply  def ined (e .g .  Fig.  58B) but more 
commonly they are o b l i t e r a t e d  by burrow fa b r ic s  (F ig .  58D).
Cross sect ions o f  concave-up s t ruc tu res  may show two types o f  
p r o f i l e ,  d e l im i te d  by a basal d i s c o n t i n u i t y  surface or surfaces and
cha rac te r ized  by the fo l l o w in g  fea tu res :
1. A cont inuous curved erosion surface which t y p i f i e s  the base
o f  shal low and deep concave-up s t ruc tu res  (e .g .  Plate 36, 
Fig .  60).  Some la rge  concave-up p r o f i l e s  develop a
subhor izonta l  to hor izon ta l  erosion sur face towards the 
cent re  o f  the s t ru c tu re  (e.g .  Plate 36A, Fig .  60).
2. A hummocky erosion surface (e .g.  Fig .  61) as seen in the 
deeper s t ru c tu re s .
The ove ra l l  t rough shape geometry o f  in t ra fo rm a t io n a l  
t ru n c a t io n a l  surfaces (e .g .  Figs. 55, 56) is seen in e ig h t  prominent 
th ree dimensional coastal headland exposures a l l  showing a
nor thwest /sou theas t  o r i e n ta t i o n  (e .g .  Fig.  62).
Bedding o v e r ly in g  the d i s c o n t i n u i t y  surface conforms to the
general shape o f  the concave-up s t ru c tu re  wh i le  the bedding
immediately o v e r ly in g  the s teep ly  d ipp ing d i s c o n t i n u i t y  planes along 
the margins ‘ o f  some concave-up s t ruc tu res  may show a s l i g h t  angular
FIG 57: (A) Photograph o f  coastal  c l i f f  sec t ion  northwest o f  Le Bout
de la V i l l e  showing two concave-up s t ruc tu res  (Cl & C2) w i th  
basal t runca t ion  surfaces (T).  Scale bar: 20 metres.
(B) Sketch sec t ion  o f  the concave-up s t ruc tu res  and fac ies  
shown along the c l i f f  sec t ion  in photograph (A). Key: 
bryozoan wackestone (BW), bryozoan mudstone-wackestone 
(MBW), bryozoan chalkstone (BC).
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FIG 58: (A) Photograph o f  t run ca t ion  sur face (T) at  the margin o f  a
deep concave-up s t r u c tu r e ,  southwest o f  Roche aux Angla is .  
Scale: map board (55 cm he igh t ) .
(B) Sketch sect ion o f  t run ca t ion  sur face and fac ies  sequence 
along the margin o f  the concave-up s t ru c tu re  shown in 
photograph (A).  Key: bryozoan mudstone-wackestone (BMW), 
bryozoan chalkstone (BC), nannofossi l  mudstone (NM),
nannofossi l  chalkstone (NC), mar ly -cha lk  (MC), conglomerat ic 
chalk (CC), t run ca t ion  surface (T),
(C) Photograph o f  the major t run ca t ion  surface (T) along 
margin o f  a deep concave-up s t ru c tu r e .  Banc à Cuves. Scale 
bar: 25 metres.
(D) Close-up photograph showing the t runca t ion  sur face (T) 
and fac ies  sequence along Banc à Cuves. Key: bryozoan
wackestone (BW), conglomerat ic chalk (CC), sponge chalkstone 
(SC), bryozoan wackestone (BW), marly -cha lk  (MC), 
nannofossi l  mudstone (NM). (E) F ie ld  log o f  fac ies
sequence shown in photograph (D).
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r e la t i o n s h ip  to ad jacent t runcated beds (e .g .  Fig .  57).  At  many 
l o c a l i t i e s  however, bedding w i t h in  concave-up s t ru c tu re s  is  hor izon ta l  
and o f ten  d i f f i c u l t  to d i s t i n g u i s h  from under ly ing and ad jacent s t ra ta  
(e .g .  F ig .  58C).
With in  20 to 60 metre deep concave-up s t ru c tu re s  bedding is 
composed o f  a d i s c re te  v e r t i c a l  sequence of  over lapp ing l e n t i c u l a r  
depos i ts  which are charac te r ized  by l a t e r a l  th inn ing  and c u t -o u t  
aga ins t  the in c l i n e d  eros ion surface (e.g .  Fig .  60). Beds i n f i l l i n g  
concave-up s t ru c tu re s  may show a general v e r t i c a l  t rend o f  
t h icken ing -up  (e .g .  Plate 360) or th inn ing -up  (e .g .  Pla te  360).
4 . B . i . a .  Facies sequences: The most c h a r a c t e r i s t i c  fea tures
associated w i th  in t r a fo rm a t io n a l  t run ca t ion  surfaces o f  concave up 
s t ru c tu re s  is  an abrupt v e r t i c a l  and l a t e r a l  change in fac ies .  
Throughout the Haute Normandie region a wide spectrum o f  complex 
fac ies  sequences cha rac te r ize  the development o f  concave-up s t ruc tu res  
(e .g .  F igs.  57 - 61).  Figure 58 i l l u s t r a t e s  the t y p ic a l  fac ies
t r a n s i t i o n s  across i n c l i n e d  t run ca t ion  surfaces d e f in in g  the margins 
o f  two separate simple concave-up s t ru c tu re s .  The fac ies  sequence 
associated w i th  the t run c a t io n  surface is  no tab ly  d i f f e r e n t  w i th in  
each example ( i . e .  Fig.  58B, 58E) and charac te r ized  by the fo l l o w in g  
f e a t u r e s .
1. Erosion fo l lowed by bryozoan chalkstone con ta in ing  d isc re te  
cong lomerat ic  pebbles w i th  an upper eroded hardground 
sur face o v e r la in  by local  deposi ts  o f  cong lomerat ic chalk 
(F ig .  58A, 58B). Above t h i s  are t h ic k  massive beds o f
bryozoan wackestones and bryozoan mudstones-wackestones 
which comprise most o f  the i n f i l l  o f  the concave-up 
s t r u c tu r e .
2. Erosion fo l lowed by conglomerat ic chalk w i th  a dominant 
bryozoan packstone m a t r ix  passing up in to  a sponge 
chalkstone (F ig .  58D, 58E). The upper sur face o f  the
sponge chalkstone d isp lays  a prominent p lanar  eroded 
hardground (F ig .  58E) w i th  l o c a l l y  der ived accumulat ions o f  
cong lomerat ic  chalk . This is  superceded by bryozoan
wackestones, m ar ly -cha lk ,  nannofossi l  mudstones and 
bryozoan chalkstones.
In o ther  examples, however, more complex fac ies  sequences are 
developed r e f l e c t i n g  the format ion o f  c lo s e ly  spaced and superimposed
FIG 59: (A) Photograph o f  t runca t ion  surfaces (T) along the margin
o f  a concave-up s t ru c tu re ,  nor theast  É t r e ta t  Plage. Scale 
bar: 1 metre.
(B) Photograph along the same margin o f  the concave-up 
s t ru c tu re  shown in  photograph (A) but f a r t h e r  to the 
southwest along É t r e ta t  Plage. Note: slumped chalk (SC) is 
s t ron g ly  dedolomit ized (orange co lo u r ) .  Key: echinoderm 
packstone (EP), burrowed echinoderm chalkstone (BEG), 
conglomeratic chalk (CC) and t run ca t ion  surfaces (T). 
Scale: hammer handle (30 cm le n g th ) .
(C) Sketch sec t ion o f  the margin o f  the concave-up s t ru c tu re  
(shown in the above two photographs),  nor theas t  E t re ta t
Plage. Key: t run ca t ion  surfaces (T),  slumped chalk (SC),
echinoderm chalkstone (EC), burrowed echinoderm chalkstone
(BEC), echinoderm wackestone (EW), echinoderm packstone 
(EP), scour (SR), conglomerat ic chalk (CC) and dedolomit ized 
chalk (crosses).
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m u l t i p l e  t ru n c a t io n  surfaces (F ig .  59).  Figure 59C shows the lower 
f ac ies  sequence through the southwest margin o f  a small concave-up 
s t ru c tu re  cha rac te r ized  by slumped chalk (dedo lom i t ized ) ,  
cong lomerat ic  cha lks ,  echinoderm wackestones-packstones and
echinoderm cha lkstones.  Truncat ion surfaces are sharp ly  def ined
(e .g .  Fig.  59A - 59B) and may be found anywhere in the sequence ( i . e .  
Fig.  59C) though most t run ca t ion  surfaces occur a t  the top o f
echinoderm chalkstones and a t  the base o f  conglomerat ic chalks or
echinoderm wackestones-packstones. The l e n t i c u l a r  beds composing the 
upper i n f i l l  o f  the concave-up s t ru c tu re  are echinoderm wackestones 
and echinoderm mudstones-wackestones.
On a la r g e r  sca le ,  the southwest margin o f  the deep concave-up 
s t ru c tu re  a t  Porte d'Amont (e .g .  Fig .  60B - 60C, g . r :  2,367-55,239) 
d isp lays  a se r ies  o f  in t ra fo rm a t io n a l  t run ca t ion  surfaces and a 
complex fac ies  sequence o f  nannofoss i l  mudstones, nannofossi l  
cha lks tone,  m ar ly -ch a lk ,  echinoderm wackestones, echinoderm 
cha lkstones, cong lomerat ic cha lks,  sponge chalkstones and 
bou lder-conglomerates.  In c o n t ra s t ,  the nor theast  margin o f  the
concave-up s t r u c tu r e  is  def ined by one or two t ru n c a t io n  surfaces 
(F ig .  60A) showing a simple fac ies  sequence o f  bryozoan wackestone,
conglomerat ic chalk and sponge chalkstone.  I n f i l l i n g  most o f  the
concave-up s t r u c tu r e  are l e n t i c u l a r  beds comprising o f  a f i n i n g  
upwards sequence o f  basal echinoderm packstones-wackestones passing up 
in to  massive bryozoan wackestones and bryozoan mudstone-wackestones.
Other deep trough-shaped s t ruc tu res  may contain several smal le r  
scale concave-up s t ruc tu res  (F ig .  61). The major i n f i l l i n g  fac ies  
sequence is  composed o f  bryozoan wackestones and mudstone-wackestones 
w i th  occasional  bryozoan cha lkstones, f i n i n g - u p  bryozoan
packstone-wackestone beds ( t u r b i d i t e s )  and slumped chalk.
4 . B . Ü .  Omission surfaces and convergent bedding.
Not a l l  concave-up s t ruc tu res  are as deeply channel ized as those 
descr ibed above. Some are shal low concave-up s t ru c tu re s  e x h ib i t i n g  
l a t e r a l l y  converging bedding c lo s e ly  associated w i th  omission surface 
development (e .g .  F ig .  63).  This form o f  concave-up s t ru c tu re  is  on 
a small scale ( i . e .  1 to 30 metres w id th ,  10 metres depth) and shows 
maximum apparent dips o f  i n c l i n e d  omission planes up to 12°. 
Longi tud ina l  sec t ions  through these sedimentary s t ruc tu res  are rare 
but show the same general nor thwest/southeast  t rend as other
FIG 60: (A) Photograph o f  coastal  c l i f f  sec t ion  showing the
nor theast  margin o f  a deep concave-up s t ru c tu re  along Banc à 
Cuves, nor theast  Port  d'Amont. Truncat ion surface (T).  
Scale bar:  20 metres.
(B) Photograph o f  coastal  c l i f f  sec t ion  showing the
southwest margin o f  a deep concave-up s t ru c tu re ,  south Port  
d'Amont. Scale bar: 20 metres.
(C) Sketch sec t ion o f  a deep concave-up s t ru c tu re  between 
E t re ta t  Plage and Banc à Cuves (approx. v e r t i c a l  
exaggerat ion X2). Key: nannofoss i l  mudstone (NM),
nannofossi l  chalkstone (NC), echinoderm wackestone (EW), 
echinoderm chalkstone (EC), sponge chalkstone (SC), 
conglomerat ic chalk (CC), boulder-conglomerate (BCN),
bryozoan packstone-wackestone (BPW), bryozoan wackestone 
(BW), bryozoan mudstone-wackestone (BM-W). Squares (A) and 
(B) represent  areas o f  view shown in  photographs (A) and (B) 
above.
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FIG 61: (A) Photograph o f  coastal c l i f f  sec t ion showing the margins
o f  several concave-up s t ruc tu res  nor theast o f  Val leuse du 
Curé. Key: t runca t ion  surfaces (T) and mass-f low s o f t  chalk 
hor izons (SC). Scale bar : 25 metres.
(B) Sketch sect ion o f  the concave-up s t ruc tu res  between 
Val leuse du Curé and Fonds d 'E t igue  (approx.  v e r t i c a l  
exaggerat ion X2). Key: nannofossi l  mudstone (NM),
nannofossi l  chalkstone (NC), bryozoan wackestone (BW), 
bryozoan mudstone-wackestone (BM-W), bryozoan chalkstone 
(BC), mass-f low s o f t  chalks (MFSC). Square (A) represents 
the view shown in photograph (A) above.
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FIG 62: General l o c a l i t y  maps o f  coastal  Haute Normandie showing
o r i e n ta t i o n  o f  the ax ia l  t rends (arrows) o f  prominant 
concave-up s t ru c tu re s .  (A) Cap d 'A n t i f e r  to Porte d'Amont.
(B) E t r e ta t  to Fecamp.
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concave-up s t ru c tu re s  def ined by deeper t run c a t io n  surfaces.
Concave-up omission surfaces d isp lay  a c h a r a c t e r i s t i c a l l y  smooth 
cont inuous curved p r o f i l e  w i th  l i t t l e  i n d ic a t i o n  o f  sharp t runca t ion  
o f  under ly ing  bed or beds. This is  best viewed along nor theast  
E t r e ta t  Plage ( g . r :  2,370-55,234) where a complex sequence of
v e r t i c a l l y  stacked curved omission surfaces produces a composite 
concave-up s t ru c tu re  (see Fig .  63) .  In t h i s  example, convergent 
bedding d isp lays  a progress ive increase in  d ip ,  up -sec t ion ,  w i th in  the 
lower p a r t  o f  the s t ru c tu r e .  Uppermost convergent beds are marked by 
a prominent l a t e r a l  fa c ie s  t r a n s i t i o n  from surrounding subhor izonta l  
massive nannofoss i l  mudstones in to  bedded concave-up echinoderm 
wackestones w i t h in  the s t ru c tu re  (F ig .  63E). Over ly ing l e n t i c u l a r  
beds are def ined by an upward decrease in  dip o f  the omission surfaces 
and the re fo re  c o n s t i t u t e  the i n f i l l  o f  the concave-up s t ru c tu re .  
L e n t i c u la r  beds are composed o f  a complex sequence o f  echinoderm 
wackestones and packstones interbedded w i th  echinoderm chalkstones and 
m a r l y - c h a lk s .
4 . B. i i i . Pi scuss ion : '
Concave-up s t ru c tu re s  are c l e a r l y  eros iona l  and cu t  down through 
as much as 60 metres o f  cha lk .  The nature and geometry o f  the beds 
o ve r ly ing  these eros iona l  surfaces represent sed imentat ion i n f i l l i n g  
the depressions w i t h in  the sea f l o o r .  This is  in d ica ted  by the 
progress ive up-sect ion  decrease in depos i t iona l  d ip o f  beds u n t i l  
p a r a l l e l  ho r izon ta l  beds o v e r l i e  and comple te ly bury the s t ru c tu re .
Descr ip t ions  o f  in t r a fo rm a t io n a l  t run c a t io n  surfaces occur r ing
w i t h in  o ther  sedimentary environments have provided two poss ib le  modes 
o f  o r i g i n :
1. Current erosion producing channels and scours (e.g .  Normark
& Piper  1969, Shephard 1971, Nelson & Kulm 1973, Whitaker
1975, Davies & Nassichuk 1975, Yurewicz 1977, Walker
1985).
2. G rav i ty  f low eros ion producing slump and s l i d e  scars (e .g .
Wilson 1969, Lewis 1971, Normark 1974, Harms 1974,
M c l l rea th  1977, Davies 1977, Cook & M u l l in s  1983).
The in t r a fo rm a t io n a l  t r un c a t iona l  surfaces w i t h in  the Haute
Normandie chalks are in te rp re te d  as channe l /scour s t ru c tu re s  produced 
by c u r re n t  eros ion.  This is  shown by the f o l l o w in g  evidence:
1. D i s t i n c t i v e  'U ' shaped concave-up p r o f i l e  in cross sec t ion
FIG 63: (A) Photograph o f  c l i f f  sec t ion showing a shal low concave-up
s t ru c tu re  northeast  E t r e ta t  Plage.
(B-D) Series o f  c lose-up photographs showing the margins and 
cent ra l  region o f  the same shal low concave-up s t ru c tu re  
shown in  photograph (A).
(E) Sketch sect ion o f  the shal low concave-up s t ru c tu re  along 
nor theast E t re ta t  Plage (approx.  v e r t i c a l  exaggerat ion X2.5) 
showing convergent bedding (CB), l e n t i c u l a r  bedding (LB) and 
associated fac ies .  Key: nannofossi l  mudstone (NM),
nannofossil  chalkstone (NC), mar ly -cha lk  (MC), echinoderm 
wackestone-packstone (EW-P), echinoderm chalkstone (EC) , 
echinoderm mudstone-wackestone , (EM-W), echinoderm
wackestone (EW) and dedolomi t ized chalk (c rosses).
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and a trough shape geometry 1n three dimensions. These 
fea tures  c on t ras t  to slump or s l i d e  scars which are 
charac te r ized  by l i s t r i c  geometries in  lo n g i tu d in a l  sect ion 
usua l l y  preserv ing one sided s t ruc tu res  (e .g .  Wilson 1969, 
Davies 1977, M c l l rea th  1977).
2. Facies v a r ia t i o n s  below and above t run c a t iona l  surfaces of
concave-up s t ru c tu re s .  High cu r re n t  a c t i v i t y  is  o f ten
c lo s e ly  associated w i th  chalkstone development below the 
d i s c o n t i n u i t y  surface (F ig .  58E). W h i ls t  immediately above 
the d i s c o n t i n u i t y  winnowing and eros ion produce 
conglomerat ic chalks (e .g .  Fig.  58A - 588), echinoderm
wackestones-packstones (F ig .  59),  bryozoan
wackestones-packstones (F ig .  60),  bryozoan chalkstone (F ig.
61) and sponge chalkstone (F ig .  58C). These fac ies
sequences co n t ra s t  to g r a v i t y  s l i d e  t ru n c a t io n  planes which 
show "no sed imento log ica l  change between the ove r ly ing
i n f i l l  to the t runcated rocks" (Davies 1977),
3. Many concave-up s t ru c tu re s  conta in  l i t t l e  deformed bedding
fea tu res ,  in  p a r t i c u l a r ,  immediately above the d i s c o n t i n u i t y  
sur face and w i t h in  under ly ing  t runcated beds. However, 
G rav i ty -F low Chalk Facies may form some in terbedded deposi ts 
w i t h in  the i n f i l l  (e .g .  Fig .  61).  This is  a t t r i b u t e d  to 
slumping down the steep sloped margins o f  the channel 
s t ru c tu re  (see Chapter 3 . M . i . c . ) .  Some o f  these mass-f low 
chalks may produce i r r e g u l a r  e ros ive  bases but these are
always shal low fea tures  not exceeding one metre depth
(Chapter 3 . M . i . c .  - Plate 35).
The development o f  concave-up s t ru c tu re s  by convergent bedding, 
omission surfaces and associated complex fac ies  sequences (e.g .  Fig.  
63E) is  d i s t i n c t l y  d i f f e r e n t  to those descr ibed f o r  in t ra fo rm a t io n a l  
t runca t ion  s t ru c tu re s .  The reason f o r  t h i s  may poss ib ly  r e la te  to a 
lower energy c u r re n t  regime producing omission surfaces and convergent 
beds. P e r i o d i c a l l y ,  t h i s  low energy c u r re n t  is  envisaged to have
reduced pe lag ic  sedimentat ion and resuspended some o f  the f i n e  chalk
matr ix  producing loca l  deposi ts o f  echinoderm wackestone. The
progress ive b u i ld  up o f  consecut ive convergent beds produces a
concave-up channel or scour depression along the sea f l o o r  in to  which
l e n t i c u l a r  beds are deposi ted.  The complex fac ies  assoc ia t ions o f
l e n t i c u l a r  beds poss ib ly  r e f l e c t s  very low ra tes  o f  pe lagic
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sedimentat ion w i th  i n t e r m i t t e n t  per iods o f  non depos i t ion  dur ing 
increased energy cond i t ions .  However, w i th  each e ros ive  phase 
channel ized f low  was lo c a l i z e d  w i th  the same p o s i t i o n  and o r i e n ta t i o n .
Gale (1980) f i r s t  po in ted out t h a t  the s t ruc tu res  w i t h in  the 
Haute Normandie chalks should not be considered to " represent  a s ing le  
in s ta n t  o f  d i f f e r e n t i a l  e ros ion" .  As shown above, most concave-up 
s t ru c tu re s  are charac te r ized  by m u l t i p l e  phases o f  e ros ive  t runca t ion  
and sedimentary omission producing a d i v e r s i t y  o f  fac ies  sequences. 
I t  i s ,  however, the f i n a l  eros ive  event and subsequent sediment 
i n f i l l  o f  the channel s t ru c tu re  t h a t  is  preserved. Under ly ing or 
adjacen t to t h i s  f i n a l  channel s t ru c tu re  are us u a l l y  remnants o f  
former channel and scour s t ruc tu res  o f ten  con ta in ing  sedimentary 
i n f i l l  ( i . e .  Fig.  60C). Within  some la rge  composite t rough shaped
channel s t ruc tu res  (e .g .  Fig .  61) t h i s  assoc ia t ion  o f  m u l t i p l e  erosion 
events is  preserved as a v e r t i c a l l y  stacked ser ies  o f  separate channel 
s t ru c tu re s .  In c o n t ra s t ,  smal ler  scale composi te channel s t ruc tu res  
are usua l l y  c r o s s -c u t t i n g  and superimposed (e .g .  Fig.  59) such tha t  
i n i t i a l  channe l l ing  may be p a r t l y  or  t o t a l l y  o b l i t e r a t e d  by l a t e r  
eros iona l  or  g r a v i t y - f l o w  processes.
The concave-up s t ru c tu re s  o f  the Haute Normandie chalks are 
the re fo re  in te r p r e ta te d  as products o f  d i f f e r e n t i a l  erosion and 
sed imentat ion.  The development o f  s t ru c tu re s  and occurrence o f
sedimentary fac ies  also r e f l e c t  changes in  both the v e r t i c a l  and 
l a t e r a l  c u r re n t  v e l o c i t y  g rad ien t .
4.C. CONCAVE-DOWN STRUCTURES:
Concave-down s t ruc tu res  d isp lay  a wide v a r i e t y  o f  d i f f e r e n t  
morphological forms (P la te  36, Fig .  64) ranging from 10 metres to 1 km 
wide and 1 metre to 65 metres high. The dominant concave-down 
component o f  the s t ru c tu re  is  usua l l y  an ou te r  e ros iona l  plane which 
may produce a down f lank  dip o f  up to 25° (e .g .  Plate 37). This 
ou ter  d i s c o n t i n u i t y  surface may produce a smooth curved symmetrical 
(e .g .  Plate 37E) or  asymmetrical (e .g .  Plate 37B - 37C) form.
However, o f ten  the d i s c o n t i n u i t y  plane produces a pronounced angular 
i n te r s e c t io n  or "k in k "  a t  the apex o f  the s t ru c tu re  (e .g .  Plate 37A - 
37B, Fig .  64B - 64C).
I n t e r n a l l y ,  concave-down s t ruc tu res  inco rpo ra te  a complex 
sequence o f  main ly  hor izon ta l  (e .g .  Plate 37A, 37D) or l e n t i c u l a r  
(e.g .  Plate 37B, 37F) and convergent (P la te  37A, 37D) bedding.
FIG 64: Sketch sect ions o f  var ious concave-down s t ru c tu re s  along
coastal Haute Normandie, demonstrat ing d i f fe rences  in s ize ,  
shape and in te rna l  bedding c h a r a c t e r i s t i c s . Locat ion of  
sec t ions :  (A) Northeast o f  La Pucel le between Vaucottes and
Yport . (B) Southwest o f  La Pucel le.  (C) Val leuse de 
Jambourg, southwest E t r e ta t .  (D) T h e u v i l l e ,  notheast 
Bruneval . (E) Southwest T i l l e u l  Plage. (F) Northeast Fonds
d 'E t igue .  Key: slumped chalk (SC), marly -cha lk  (M) and
boulder-conglomerate (BC).
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FIG 65: (A) Two dimensional sketch sec t ion  o f  the concave-down
s t ruc tu res  at  Val leuse du Curé, nor theast  Benouv i l le .
( seale bar: 50 metres).
(B) Three dimensional represen ta t ion  o f  the c l i f f  sec t ion  at  
Val leuse du Curé showing two concave-down s t ruc tu res
separated by a concave-up s t ru c tu re .  The o r i e n ta t i o n  o f  the 
concave-down s t ru c tu re  ( r i g h t )  i s  determined from the 
headland outcrop (50 metres le n g th ) .
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Truncat ion planes may pass through the s t ruc tu re  g iv ing  r ise  to
smal l -sca le  concave-up and concave-down s t ruc tures  (e .g .  Plate 37B,
37F). Pa ra l le l  bedding o v e r l ie  these i n t r a - d i s c o n t i n u i t y  surfaces
and drape the antecedent topography produced by the t runcat ion  
fea tures.  Len t icu la r  beds of ten occur w i th in  remnant smal l -scale
concave-up s t ruc tures  defined by e i th e r  t runca t ion  surfaces or
convergent bedding (e.g.  Plate 37B, 37F). In many cases, in te rna l
bedding and smal l -sca le  sedimentary s t ruc tures are t runcated by outer 
in c l ined  d i s c o n t in u i t y  surfaces which also def ine the overa l l  geometry 
o f  the concave-down s t ruc tu re .
Longi tudinal  sections occur through the northwest margins o f  four  
concave-down s t ruc tures  located at  La Manne Porte ( g . r :  2,387-55,227),  
northeast E t re ta t  Promenade (g . r :  2,370-55,234), Porte d'Amont ( g . r :  
2,367-55,239) and Valleuse du Curé (g . r :  2,317-55,248).  From these 
headlands, the three dimensional form of  concave-down s t ruc tures  
appear as continuous elongate r idges w i th  a dominant 
southeast/northwest t rend (e.g.  Fig.  65) which p a ra l le l  adjacent
concave-up s t ruc tu res .  Occasionally,  small concave-up s t ruc tures  
develop a t  ce r ta in  leve ls  w i th in  the r idges having a 
southwest/northeast trend (e.g.  Fig.  62A).
4 . C. i . Facies sequences
Facies sequences w i th in  concave-down s t ruc tu res  d isp lay  
considerable s t ra t ig ra p h ie  v a r ia t io n  w i th in  the Haute Normandie 
chalks.  This is  shown by the fo l low ing  two examples:
1. Composite concave-down s t ruc tures  along northeast  T i l l e u l
Plage ( g . r :  2,395-55,218 to 2,394-55,221) are composed of  a 
coarsening upward sequence from basal nannofossi l  mudstones 
and chalkstones passing up in to  echinoderm/bryozoan 
wackestones, echinoderm chalkstones, boul der-conglomerates 
and slumped chalks (Fig.  66).
2. The Valleuse du Curé (g . r :  2,319-55,248 to 2,316-55,249)
concave-down complex also coarsens up w i th  lowermost 
nannofossi l  mudstones but passing up in to  a th ic k  succession 
of  massive bryozoan wackestones interbedded wi th  th in  
bryozoan chalkstone horizons (Fig.  67). Within  the upper 
leve ls  o f  the concave-down s t ruc tu re ,  th in  bryozoan 
chalkstones converge and merge producing an in c l in e d  massive 
bryozoan chalkstone horizon ( i . e .  MBC - Fig.  67B) down the
FIG 66: (A) Photograph o f  a margin o f  a concave-down s t ruc tu re  along
northeast T i l l e u l  Plage. Key: t runcat ion  surface (T),
siumped chalk (S ) .
(B) Photograph o f  a margin o f  a concave-down s t ruc tu re ,  
northeast Valleuse d 'A n t i f e r .
(C) Sketch sect ion o f  the c l i f f  exposure from Valleuse
d 'A n t i f e r  to Pointe de la  Court ine along nor theast T i l l e u l
Plage. The c l i f f  sect ion shows a complex re la t io n s h ip
between concave-down s t ruc tu res  and concave-up s t ruc tu res  
(approx. v e r t i c a l  exaggerat ion X I . 5).  Key: nannofossi l
chalkstone (NC), nannofossil  mudstone (NM), echinoderm
mudstone-wackestone (EM-W), echinoderm wackestone (EW),
bryozoan wackestone (BW), bryozoan chalkstone (BC), slumped 
chalk (S), boulder-conglomerate (B-CN), sponge chalkstone 
(SC), f a u l t  (F), do lomit ized /dedo lomi t i zed chalk (crosses).  
Squares (A & B) represent the f i e l d s  o f  view in photographs
(A) and (B) above.
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FIG 67; (A) Photograph o f  the coastal c l i f f  sect ion at  Valleuse du
Cure (VC) showing a large concave-down s t ruc tu re .  Key: 
t runca t ion  surface (T),  mass-f low s o f t  chalk (S).
(B) Sketch sect ion o f  the large concave-down s t ruc tu re  at  
Valleuse du Cure. Note: smaller  concave-down and
concave-up s t ruc tu res  preserved w i th in  the major 
concave-down s t ruc tu re  at  the base o f  the c l i f f  (see also 
Fig.  65). Key: bryozoan wackestone (BW), bryozoan
mudstone-wackestone (BM-W), bryozoan packstone-wackestone, 
bryozoan chalkstone (BC), massive bryozoan chalkstone (MBC), 
mass-f low s o f t  chalks (NFS).
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northeast  slope o f  the s t ruc tu re .  This is  also accompanied 
w i th  l a te ra l  nor theas te r ly  th inn ing  and t runca t ion  of  
bryozoan wackestone hor izons.
These fac ies  sequences ind ica te  increasing winnowing and
condensation o f  sediments to the c res t  and f lanks o f  concave-down
s t ruc tu res .
4 . C . Ü .  Discussion o f  concave-down s t ru c tu r e s :
The most de ta i led  recent account o f  these s t ruc tu res  in te rp re t s
them as "c la s s ic  c a l c i l u t i t e  bioherms" (Kennedy & Juignet 1974). 
They envisaged a process o f  sediment t rapping and s t a b i l i z a t i o n  by 
algae or marine angiosperms implying tha t  the v a r ie t y  o f  "bank" forms 
may r e f l e c t  d i f f e r e n t i a l  b iogenic accret ion.  The present author has 
discounted such a biohermal model on the basis o f  the fo l low ing  
evidence:
1. Facies analysis o f  concave-down s t ruc tu res  (see above) does 
not r e f l e c t  i n i t i a l  growth at  in d iv idua l  centres fo l lowed by 
outward accret ion of  biogenic mounds.
2. Pétrographie data (see Chapter 3) does not ind ica te  the 
former existence o f  sediment binding or t rapping c a l c i f i e d  
or  s o f t  organisms. There is also no morphological evidence 
from encrust ing organisms (e.g.  membraniporiform bryozoa) 
suggesting the former existence of  algae or marine 
angiosperms.
3. The fac ies  developed in concave-down s t ruc tu res  are repeated 
in  h o r i z o n ta l l y  bedded chalks and chalks in concave-up 
s t ruc tu res .  This is  also re f le c ted  in the absence o f  unique 
or  s im i l a r  mound communit ies/ facies re s u l t in g  from in s i t u  
"bank" growth.
4. Bedding o r ie n ta t io n  w i th in  many s t ruc tu res  produces a
d i s t i n c t  angular re la t io nsh ip  w i th  the outer encapsulat ing
concave-down erosion surface. This is in cons is ten t  w i th  a 
progressive mound-l ike bui ldup mechanism which usua l l y  
deposi ts a v e r t i c a l  stack o f  outwardly dipping beds.
5. The in te rna l  s t ruc tu ra l  makeup o f  concave-down s t ruc tures
r e f l e c t s  mu l t i -e ros iona l  phases as shown by the preservat ion 
o f  in t ra fo rmat iona l  t runcat ion surfaces o f ten in the form of 
small scale concave-up features.
6. The overa l l  spat ia l  re la t io nsh ip  of  concave-down s t ruc tures
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shows tha t  they are always f lanked by concave-up s t ruc tures 
(e .g .  Figs.  64 - 66). This contras ts  to biohermal
s t ruc tu res  which t y p i c a l l y  form a po s i t i v e  bui ldup on the 
sea f l o o r  surrounded by hor izontal  s t ra ta .
In t h is  study, concave-down s t ruc tures  are in te rp re ted  as 
p a r t i a l l y  eroded interchannel areas set between two adjacent composite 
channel s t ruc tu res  (e.g.  Fig.  66). The shape, s ize and general 
morphology o f  the interchannel  area is  dependent on the fo l low ing  
fac to rs  ;
1. Lateral  d istance between the channel s t ruc tu res .
2. S t ra t ig raph ie  pos i t ion  of  each channel s t ruc tu re .
3. Depth, width and general morphology o f  each channel 
s t ruc tu re .
Figure 68 is  a schematic in te rp re ta io n  o f  the progressive 
development of  two channel s t ruc tures occurring in close p rox im i ty  to 
one another northeast  o f  E t re ta t  Plage, From the dynamic
recons t ruc t ion  o f  t runcat iona l  surfaces and winnowed convergent beds, 
i t  is  c l e a r l y  demonstrated tha t  concave-down s t ruc tures  represent 
"pseudo-bank" s t ruc tu res  which are moulded by successive erosional  
events from over lapping adjacent channel areas. This over lapping and 
merging feature  o f  adjacent channel margins which may occur dur ing 
d i f f e r e n t  phases o f  channel development give' r i se  to the v a r ie t y  of  
d i f f e r e n t  interchannel  forms ( i . e .  Plate 37). Figure 68 also shows 
the composite pattern of  successive sedimentary i n f i l l s  w i th in  
ind iv idua l  channel s t ruc tu res .
The Valleuse du Curé and T i l l e u l  Plage concave-down s t ruc tures 
( i . e .  Figs.  66 - 67) dep ic t  a more complicated spat ia l  arrangement of  
i n t e r n a l l y  preserved concave-up and concave-down s t ruc tu res .  The two 
large scale channels f lank ing  both features give r ise  to the overa l l  
geometry o f  the concave-down s t ruc tu res .  The development o f  a
pronounced massive bryozoan chalkstone (Fig.  67B) to the nor theast of  
Valleuse du Curé r e f l e c t s  the steep southwest margin o f  a prominent 
deep channel s t ruc tu re  which extends some 900 metres towards Fonds 
d 'E t igue (e.g.  Fig.  61).
Those interchannel areas set between two deep channel s t ruc tures 
(e.g.  Figs.  61, 66, 67) may be regarded as prominent erosive i n l i e r s  
being l a t e r a l l y  adjacent to younger s t ra ta  composing the i n f i l l  o f  the 
channel s t ruc tu res .
FIG 68; A schematic representa t ion  o f  the progressive development of  
the concave-down s t ruc tu re  (shown by diagrams 1 to 8) along 
northeast E t re ta t  Plage ( g . r :  2,370-55,234 to 2,369-55,235).  
Diagrams demonstrate the complex re la t io n s h ip  between 
d i f f e r e n t i a l  sedimentat ion (S) and erosion (E) w i th  
occasional slumping (SL). Arrows represent general st rength 
o f  erosion or ra te  o f  sedimentat ion ( i . e .  small and large 
sized arrows). Scale: approx. v e r t i c a l  exaggerat ion X3.5 
( a l l  diagrams).
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4.D . COMPARISONS WITH OTHER CHALK STRUCTURES:
4.0 .1 .  French, Engl ish and American onshore cha lks :
Previous authors have also described chalk concave-up s t ruc tures 
from other regions o f  the Paris Basin (e.g.  De Grossouvre 1901, Negre 
1913, Raguin 1926, Broquet 1973, Mennessier e t  al 1974, Jarv is
1980, Mortimore & Pomerol 1987). Most o f  these concave-up s t ruc tures 
contain economic deposits o f  phosphatic chalks and appear to be 
conf ined to areas inf luenced by tec ton ic  highs (e.g.  Pomerol 1980, 
Ja rv is  1980). The most de ta i led  study has been ca r r ied  out on three 
deep concave-up s t ruc tu res  occurr ing in Middle Santonian to Early 
Campanian chalks a t  Hall encourt Quarry, Picardy, northern France 
(Broquet 1973, Jarv is  1980). Three dimensional determinations o f  
these s t ruc tu res  show th a t  they form d i s t i n c t  elongate "cuvet tes"  or 
"basins" up to 250 metres wide, 30 metres deep and 1 km in length.  
Axial  t rends o f  these s t ruc tures  run north-south pa ra l le l  to the 
London Brabant Massi f  and Western Ardennes (Fig.  76).
Ja rv is  in te rp re t s  these deep concave-up s t ruc tures  as "erosional  
cuvet tes" re s u l t in g  from cur ren t  scour. The fo l low ing  po in ts  of  
comparison e x i s t  between J a rv is 's  large scale scour s t ruc tures  ( i . e .  
"erosional  cuvet tes")  and the deep concave-up s t ruc tures  o f  Haute 
Normandie. These are:
1. A basal t runcat ion  surface which cuts through under lying
bedding inc lud ing  former concave-up s t ruc tu res .
2. Hardground horizons ( i . e .  chalkstones) which develop at  the 
base o f  the s t ruc tures  composed o f  coarse grained cemented 
chalk and associated conglomerat ic chalks.
3. A l a te r a l  fac ies  t r a n s i t i o n  from the centre of  the
concave-up s t ruc tu re  up the margin of  the s t ruc tu re  
charac ter ized by a change from a "wel l l i t h i f i e d  hardground" 
in to  "poor ly  l i t h i f i e d  hardground" w i th  a decrease in "basal 
lag " .
4. Slumped chalks cons t i tu te  some o f  the i n f i l l  deposi ts.
' Upper Cretaceous chalks from southern England occas iona l ly  
preserve shal low concave-up s t ruc tures ranging from 0.3 to 8 metres 
wide and 0.15 to 1 metre deep (e.g.  Kennedy 1967, Robinson 1984, 
1985, 1986b, Gale 1980). Robinson (1986b) describes some s t ruc tures 
from the North Downs Chalk in terms of  scours, g u t te r  casts and
shal low channels produced from t id a l  cur ren t  a c t i v i t y .  However, the
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axial o r ie n ta t io n  o f  these chalk s t ruc tu res  were not recorded by 
Robinson (1986b) because " three dimensional evidence is lack ing" .  
Robinson (1984) describes scours forming in both l i t h i f i e d  and s o f t  
chalks producing i n f i l l s  of  conglomerat ic chalk,  ca lca ren i te  
(dominantly molluscan and sponge debr is)  and f in e  laminated chalk.  
In the Haute Normandie chalks,  f i n e  laminated chalk only occurs in 
large scale deep concave-up s t ruc tures conta in ing i n f i l l  deposits of  
g r a v i t y - f l o w  chalk.  Mortimore and Pomerol (1987) also noted several 
channel s t ruc tu res  from the South Downs, in p a r t i c u l a r  a prominent 12 
metre deep channel w i th in  Cenomanian chalks near Lewes, Sussex.
S im i la r l y ,  smal l -sca le  shal low concave-up s t ruc tures have also 
been reported occas iona l ly  occurr ing in the Upper Cretaceous chalks of  
North America (e.g.  Frey 1972, Cloud 1975, Ha tt in  1975(b), Scholle 
1977, Fursich e t  al 1981, Frey & Bromley 1985). These s t ruc tures 
are re fe r red  to as "shal low channels" (Frey 1972), "scours" (Frey & 
Bromley 1985) and "microchannels" (Schol le 1974) resu l t in g  from 
cur ren t  a c t i v i t y ,  in p a r t i c u l a r  wave induced currents (Hat t in  1975b). 
Frey's (1972) channel s t ruc tu res  range from 2.75 to 11.28 metres wide 
and 0.25 to 0.9 metres deep. Chalk i n f i l l i n g  these s t ruc tures  is 
of ten laminated or cross- laminated. Likewise, Ha tt in  (1975b)
recorded shal low scour s t ruc tures  up to 7 metres wide and 0.6 metres 
deep containing both "winnowed" and " laminated" sediments. In a l l  
American concave-up s t ruc tu res ,  basal chalkstones and associated 
hardgrounds are absent.
In conclusion, most French, English and American examples of  
chalk concave-up s t ruc tu res  occur as d i s t i n c t  separate erosional  
features which are s t r a t i g r a p h i c a l l y  and s p a t i a l l y  iso la ted  and show 
l i t t l e  evidence o f  c ross -cu t t ing  and over lapping. They also cont ras t  
w i th the Haute Normandie s t ruc tures  in having fewer fac ies and poorly 
def ined fac ies  sequences. However, they are character ized by high 
energy fac ies which in d ica te  periods o f  lo ca l ized  winnowing and 
erosion along areas of  the chalk sea f l o o r .
4 . D . Ü .  English Channel and North Sea of fshore  cha lks :
Kennedy and Juignet (1974) suggested tha t  the chalk st ructures o f  
Haute Normandie covered approximately 1500 km^  of  the region during 
Upper Turonian to Santonian times. However, subsequent seismic 
surveys o f  the English Channel region (Larsonneur e t  al 1975, Curry & 
Smith 1975) revealed a la te ra l  con t inuat ion of  these s truc tures w i th in
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the Upper Cretaceous chalks extending westwards towards the Cherbourg 
Peninsular and north westwards towards the I s le  of  Wight. Smith 
(1984) concluded tha t  these were "dome", "slump" and "dewatering 
s t ruc tu res"  r e s u l t in g  from i n s t a b i l i t y  dur ing la te  Turonian/ear ly  
Coniacian times poss ib ly  re la ted  to the eastern Central Channel 
s t ruc tu re  ca l led  the Bembridge-St. Valery l i n e  (e.g.  Fig.79B).
In th is  ana lysis o f  chalk s t ruc tu res ,  a wide data set  of  
continuous seismic r e f l e c t i o n  p r o f i l e s  from the English Channel was 
studied from 1968 to 1978 by R.R.S. John Murray, R.R.S. Challenger and 
M.V. Moray F i r t h  IV (see Appendix V I I I ) .  A l l  ava i lab le  seismic 
p r o f i l e s  were c a r e f u l l y  studied cover ing the three main areas of  Upper 
Cretaceous chalk w i th in  the Central Channel region (e.g.  Fig.  69). 
Two of  the three areas provided su i tab le  images o f  chalk s truc tures  
( i . e .  Areas: (A) South I s le  of  Wight. (B) North Baie de la Seine.) .
Seismic p r o f i l e s  o f  chalk s t ruc tu res  from these two outcrops are 
charac ter ized by the fo l low ing  features:
1. The south I s le  o f  Wight Cretaceous outcrop (Turonian to 
Coniacian) is  a west-east  t rending exposure occur r ing w i th in  
the core region o f  a large sync l ine  s t ruc tu re  (e.g.  Fig. 69, 
Area A. Fig.  70A). Concave-up chalk s t ruc tures are 
detected in south-north ,  and southwest-northeast seismic 
t raverses (Fig.  69, Area A - Traverse sect ions 5 to 11) but 
not in west to east p r o f i l e s  (Fig.  69, Area A - Traverse 
sect ions a to f ) .  From th is  evidence, i t  is  in fe r red  that 
the long i tud ina l  sect ion o f  the concave-up st ruc tures 
represents the perpendicular p r o f i l e  o f  channel s t ruc tures.  
The axial  t rend o f  the channels is  there fo re  in te rp re ted  to 
be west-east.
The seismic images c le a r l y  show the concave-up st ruc tures 
def ined by t runcated or disrupted re f l e c to r s  (e.g.  Fig. 70B) 
and in c l ined  t runca t iona l  r e f l e c to r s  (e.g.  Fig.  70B - 70C). 
Ref lectors  adjacent to concave-up s t ruc tu res  are of ten 
s t rong ly  def ined and con t ras t  to the weak re f l e c to rs  
contained w i th in  the concave-up s t ruc tures  (e.g.  Fig.  70). 
The size o f  these concave-up s t ruc tu res  range from 50 metres 
deep to 1.5 km wide.
2. The north Baie de la  Seine seaf loor  outcrop is character ized 
by a westeast/southeast s t r i p  of  Cretaceous (Turonian - 
Santonian) extending from the Cherbourg Peninsular to the
FIG 69: General map of  the central  Engl ish Channel region showing
the outcrop o f  Upper Cretaceous chalks and an over lay p lo t  
o f  the major seismic t raverses.  North-south and 
southwest-northeast t raverse sect ions ( i . e .  sect ions 1-2, 
3-4, 5-6, 6-7, 8-9,  10-11) recorded chalk s t ruc tu res .  West
to east and east to west t raverse sect ions ( i . e .  a-b, c-d,  
e - f ,  g-h) did not show any images o f  chalk s t ruc tu res  (see 
te x t ) .
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FIG 70: Seismic p r o f i l e s  through la te  Cretaceous chalks (Cenomanian
to Coniacian) south Use of  Wight, English Channel area. 
Seismic p r o f i l e s  show a v a r ie t y  o f  concave-up s t ruc tu res .  
P r o f i l e  A (Traverse 10 to 11 - see Fig 69) shows d e ta i l s  o f  
a sync l ine (S) w i th in  Upper Cretaceous chalk s t r a ta  w i th  
in te rna l  d isrupted r e f l e c to r s  (DR). P ro f i l e s  B and C ( i . e .  
Traverses 6-7 and 6-5) show pronounced truncated r e f l e c to r s  
(T) and a ser ies o f  concave-up (CU) and concave-down (CD) 
s t ruc tu res .  Approximate lo ca t ion  o f  boreholes (B.H.)  w i th 
B.G.S. r e g is t r a t i o n  numbers. Time in te r v a l s  are recorded in 
mi l l iseconds (MS) - app l i cab le  to a l l  seismic p r o f i l e s  (see 
Appendix V I I I ) .
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northern coas t l ine  o f  Haute Normandie. Two south-north 
seismic p r o f i l e s  (Fig.  69, Area C - Traverse sect ions:  1 to
2 , ,3  to 4) pick out d isc re te  concave-up s t ruc tu res  over ly ing 
basal a n t i c l i n a l  s t ruc tures  (Fig.  69, Area C - Traverse 
sect ions 1 to 2).  A west to east p r o f i l e  (Fig.  69, Area C
- Traverse sect ions g to h) across the western sect ion of
the outcrop produced only hor izonta l  to subhor izontal  
r e f l e c to r s .  This is  taken to ind ica te  tha t  the concave-up 
s t ruc tures  are channel features w i th  a roughly west-east 
axia l  o r ie n ta t io n .  The dimensions o f  the concave-up
st ruc tures  in the south-nor th p r o f i l e s  show a size range of 
5 to 20 metres deep and 50 to 500 metres wide (Fig.  71).
In the coastal c l i f f  exposure o f  Haute Normandie, the sections
between Bruneval to E t re ta t  and Vaucottes to Yport  (Appendix VII )
c lose ly  resemble the seismic p r o f i l e s  o f  the northern Baie de la Seine 
(Fig.  71). However, the la rge r  two concave-up s t ruc tu res  between
Valleuse du Curé and Yport (e.g .  Fig.  61) were not detected in the 
north Baie de Seine but show s im i l a r  geometric parameters to the 
s t ruc tures def ined in the South I s le  o f  Wight seismic p r o f i l e s  (Fig.
70).
Whi ls t  in v es t iga t in g  the chalk s t ruc tu res  from the English 
Channel, the authors a t te n t ion  was drawn by Dr. Hamblin (B.G.S.) to 
discordent bedding s t ruc tures  in the chalk from the southern North 
Sea. One B.G.S. seismic survey p r o f i l e  along a long i tud ina l
south-nor th l i n e  w i th in  the C a l i fo rn ia  Sea area o f  the southern North 
Sea revealed the existence o f  large concave-up s t ruc tu res  in Upper 
Campanian Chalks (Fig.  71B). The s t ruc tu res  range from 20 to 60 
metres depth and up to 3 km across and have an apparent west-east 
axial t rend. These large scale s t ruc tu res  are apparent ly very
loca l ized  in occurrence as suggested by t h e i r  non detec t ion  in 
pa ra l le l  south-north lo ng i tud ina l  seismic p r o f i l e s .  This could mean 
tha t  t h e i r  axial  p r o f i l e s  are l a t e r a l l y  discont inuous and may be 
analagous to J a rv is ' s  (1980) cuvette s t ruc tu res  from the Paris Basin.
The margins of  the Southern North Sea concave-up s t ruc tu res  are 
c le a r l y  t runcat iona l  and character ized by well  def ined l e n t i c u l a r  
r e f l e c t o r  horizons composing the i n f i l l  to most concave-up forms (Fig.
71). A 55 metre borehole (B.G.S. No. 82/19) passing through the
FIG 71; (A) Seismic p r o f i l e s  through la te  Cretaceous (Coniacian to
Santonian) chalks,  north o f  the Baie de Seine showing 
concave-up and concave-down s t ruc tures  (CS). P r o f i l e  
represents Traverse 1 to 2. Approximate pos i t ion  o f  shallow 
core sample (CS) - r e g i s t r a t i o n  number ( i . e .  1618) from a 
survey ca r r ied  out by U n iv e rs i t y  College, London.
(B) Seismic p r o f i l e  o f  southern North Sea region (Upper 
Campanian chalks) showing large scale concave-up s t ruc tu res  
wi th t runcated r e f l e c t o r s  (T).
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s t ruc tures  reveals a l te rna t ing  sequences of  wel l  developed chalkstone 
horizons ( hardgrounds) and beds o f  conglomerat ic chalk,  marly-chalk 
and occasional laminated chalk.  The log i n t e r p r e ta t i o n  o f  these 
s t ruc tu res  re fe rs  to them as "m ega-s tyo l i tes" ( c . f .  B.G.S. Sheet 
54/00). I f  t h is  in fe rs  an o r ig i n  through mass pressure so lu t ion ,  then 
t h i s  is  considered by the present author to be most u n l i k e ly .  They 
are however, c le a r l y  very s im i la r  to large scale erosional scour 
fe a tu re s .
4 . 0 . i i i .  Scandinavian onshore cha lks :
Scandinavian Danian to Palaeocene chalks are charac ter ized at  
c e r ta in  s t ra t ig ra p h ie  leve ls  by the occurrence o f  well  developed 
complexes o f  concave-down s t ruc tures (e.g.  Hennig 1899, Ussing 1899, 
Larsen 1961, Cheetham 1971, Thiede & Larsen 1971, Hakansson 1971, 
Rasmussen 1972, Thomsen 1976, 1983, Surlyk & Birkelund 1977).
Kennedy and Juignet (1974) considered tha t  the Haute Normandie chalk 
s t ruc tures  "compare c lose ly "  w i th  the "bryozoan bioherms of  Denmark". 
A de ta i led  comparative analysis ca r r ied  out dur ing t h i s  study 
(summarised in Fig.  72) shows, however, tha t  the main components o f  
the concave-down s t ruc tures  between the two regions are markedly 
d i s s im i l a r  and are in fe r red  to have qu i te  d i f f e r e n t  o r ig i n s .  From 
f ig u re  73 i t  is  assumed tha t  the Danish concave-down s t ruc tures 
represent the only t rue examples o f  accre t ionary  s t ruc tu res  w i th in
chalk.  The fo l low ing  mechanisms have been a t t r i b u te d  to t h e i r
development:
1. Mega-ripples produced by wave-action (e.g.  Rasmussen 1971).
2. Bryozoan bioherms produced autochthonously from the biogenic
product ion o f  both bryozoan and coral co lon izers  (e.g.  
Hennig 1899, Ussing 1899, Larsen 1961, Hankansson 1971).
3. Bryozoan mounds or r idges also produced from biohermal
growth but combining a sedimentary b a f f l i n g  mechanism w i th in  
a sediment t ransported curren t.  Bryozoans, corals (e.g.  
Thomsen 1976, 1983) and/or marine angiosperms (Sur lyk &
Birkelund 1977) may act as sediment b a f f le s  and sediment
s t a b i l i z e r s .  In add i t ion ,  Thomsen (1983) suggested tha t  the 
asymmetrical morphology o f  the Danian Mounds (e.g.  Fig.  73A) 
may be a biohermal response to a southeast cu r ren t  regime 
which provided greates t  food supply.
The only notable feature  o f  comparison between the Danish and
FIG 72: Table summarizing the main d i f fe rences  between Danish and
Haute Normandie concave-down s t ruc tu res .
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DANISH CCNCAVE-DOWN 
STRUCTURES
HAUTE NORMANDIE CONCAVE-DOWN 
STRUCTURES
Sea floor 
setting:
Produce positive build-ups 
above the sea floor
Produce structures at or below 
the sea floor set between two 
adjacent channel structures.
General Asymmetrical "mound"
structure: structure. Bedding within
mound reflects the overall 
concave-down structure of 
the mound morphology (i.e. 
beds are lenticular and 
show a progressive increase 
in dip up through the 
structure towards the flanks 
of the mound).
Very few beds are truncated 
or produce other geometric 
forms (e.g. Thomsen 1976).
Continuous concave-down ridges 
(may have a slight undulatory 
crest cut by small concave-up 
structures). Bedding within 
ridges includes a variety of 
different forms, often not 
conforming to overall concpve- 
down morphology. Bedding may 
be horizontal, subhorizontal, 
lenticular and/or convergent.
Numerous truncation surfaces 
may pass through the structure.
A major truncation surface 
always defines the outer surface 
of the concave-down structure.
Dimension Height: 3-15 metres
Measurements: Width: 20-50 metres
Length: Up to 70 metres
Plan View: Circular,
subcircular and elliptical 
mounds.
Height: 1-60 metres
Width: 0.1-1 km
Length: Not determined.
Plan View: Continuous, elongate,
interchannel ridges.
Facies: Dominant Bryozoan and Coral 
Facies with various sub­
facies of these two groups.
Facies and subfacies patterns 
conform to mound morphology 
usually producing two 
distinct facies regions; 1. 
core region and 2. flank 
region. Very few chalkstones 
(i.e. hardgrounds) are 
associated with the mounds.
Variable facies: Nannofossil
Mudstones, Nannofossil 
Chalkstones, Echinoderm 
Wackestones-Packstones, 
Echinoderm Chalkstones, 
Bryozoan Wackestones, Bryozoan 
Chalkstones and other minor 
facies
Overall development of facies 
is controlled by the pattern 
of truncation surfaces and 
convergent bedding passing 
through the structures.
General Dominant coarse grained
sediments: composition. Many horizons
of abundant sand-sized bryo­
zoan material.
Dominant fine grained composi­
tion. Some horizons of coarse 
sand-sized bryozoan and 
echinoderm grains.
General Both pelagic and benthonic
sedimentary sedimentation. Mound
processes: accretion occurs at various
centres along the sea floor 
(e.g. Fig. 73A) possibly 
aided by sediment baffling 
and food supply from currents 
(e.g. Thomsen 1976, 1983). 
Some corals may be found 
growing in situ (e.g.
Cheetham 1971).
Dominant pelagic sedimentation 
with intermittent erosion.
Erosion is concentrated in two 
closely set channel regions (Fig 
73) Down cutting of channel 
regions produces an interchannel 
ridge. The shape/size and dimen­
sions of the ridge are controlled 
by varying amounts of erosion in 
these channels.
FIG 73: Schematic diagrams showing the development o f  concave-down
st ruc tures  from the Danish chalks ( a f t e r  Thomsen 1983) and 
Haute Normandie chalks ( t h i s  P ro jec t ) .  Key: Bryozoan
wackestone/packstone (BW/P), marly-cha lks  (MC), nannofossi l  
mudstone (NM), nannofossi l  chalkstone (NM), echinoderm 
wackestone (EW), echinoderm packstone (EP) and echinoderm 
chalkstone (EC).
210
SE
CURRENT DIRECTION NW
MOUNn
8W -P
SEAFLOO^
-70 METRES
NW SE
SEAFLOOR-
NM NM
300 METRES
B
211
Haute Normandie concave-down s t ruc tures  is the occurrence of  slumped 
chalks developed on the inc l ined  margins of  the s t ruc tu re .
4.E. CLASSIFICATION OF CHALK STRUCTURES
As def ined in the preceding sect ion ,  the chalk s t ruc tu res  of
Haute Normandie are in te rp re ta ted  as products o f  d i f f e r e n t i a l  erosion
and sedimentat ion.  Therefore,  the e x is t in g  terms f o r  these
s t ruc tu res  o f  carbonate "banks" and " in te r -bank"  areas ( c . f .  Kennedy & 
Juignet 1974) which i n f e r  a biohermal o r ig i n  are considered by the 
present author to be unsui table terms. This study proposes the 
in t rodu c t ion  o f  the more appropr iate f i e l d  terms o f  channels and/or 
scours to descr ibe the concave-down s t ruc tu res  w i th in  the Haute 
Normandie region. Thus, interchannel  areas include conspicuous
concave-down features which are in te rp re ted  as the marginal over lap 
and merger o f  two c lose ly  set  adjacent channel and/or scour
s t r u c tu r e s .
However, in an at tempt to understand the var ious processes 
involved in t h e i r  development and regional  d i s t r i b u t i o n ,  channel and 
scour s t ruc tu res  are f u r t h e r  subdivided in to  four  groups: 1. Shallow
scours, 2. Shallow channels, 3. Channel-scour complex, 4. Deep 
channels. Each channel or scour s t ruc tu re  (e .g.  Fig.  74) is
categor ized in to  one of  these groups based e s s e n t i a l l y  on s ize and 
geometry.
D i f f e r e n t  fac ies sequences character ize  the var ious types of  
channel-scour s t ruc tures  and show s t ra t ig ra p h ie  v a r ia t io n s  across the 
Haute Normandie region. In the fo l low ing  sect ion ,  the facies
sequences are broadly def ined and in fo rm a l l y  labe l led  (A) to (H). 
This general fac ies  sequence c l a s s i f i c a t i o n  is used to show regional  
d i s t r i b u t i o n  in r e la t io n  to channel-scour development and 
s t ra t ig ra p h ie  occurrence.
4 . E . i .  Shallow scour st ruc tures
Small scale shallow scour s t ruc tures  are the most abundant 
erosive s t ruc tu re  w i th in  the Haute Normandie succession and occur 
mainly w i th in  the Bee de Caux of  Haute Normandie. To the northeast 
o f  the region shal low scours are less f requent  but represent the only 
erosive s t ruc tu re  w i th  19 kms o f  coastal sect ion between Fecamp to 
Veulet tes ( g . r :  2,190-55,297 to 1,938-55,950).
Shallow scour s t ruc tures are f u r t h e r  subdivided in to  the
FIG 74: Schematic diagram showing the general types o f  scour/channel
s t ruc tu re  and fac ies  sequences w i th in  the Haute Normandie 
chalks (see Fig 29 f o r  key).
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fo l low ing  three broad groups ( i . e .  Shallow scours; Type I ,  I I  and
I I I )  based on d i f fe rences  in geometry and fac ies  sequences.
4 . E . i . a .  Shal1ow Scour Type I : These scours are c lo se ly  associated
wi th  the development of  most chalkstone fac ies  and have already been
descr ibed in previous sect ions (e.g.  Chapter 3.C.,  3 .E . ,  3.G., 3 . J . ) .
Therefore, only a b r i e f  mention o f  these scour s t ruc tu res  are made
here.
These s t ruc tu res  represent the s implest  form of  small scale
concave-up scours ranging from 5 to 30 cent imetres depth and 0.3 to 3
metres wide (e.g .  Fig.  74A, Type I I ) .  The axial  trends and general 
elongate geometry of  these scours were not recorded due to the two 
dimensional nature o f  a l l  examples preserved in exposures throughout 
the Haute Normandie region.
A l l  scours ( i . e .  Type I)  are sharply def ined by trough-shaped 
t runca t ion  surfaces occurr ing w i th in  Echinoderm Chalkstones, 
Inoceramid Chalkstones, Nannofossil Chalkstones, Bryozoan Chalkstones 
and Sponge Chalkstones. Conglomeratic Chalks usua l l y  comprise the 
i n f i l l  o f  most scours (e.g.  Chapter 3 .L . ) .
4 . E . i . b .  Shallow Scour Type I I : These scours form in dominant ly
s o f t  chalks and are usua l l y  def ined by convergent bedding w i th  l i t t l e  
or no apparent t runcat ion  o f  under ly ing s t ra ta  (Fig.  74A). The 
dimensions o f  the scour t y p i c a l l y  range from 0.5 to 3 metres depth and
5 to 25 metres wide. Longitudinal  sect ions of  these scours show a
northwest/southeast axial  o r ie n ta t io n .  Two fac ies  sequences
charac te r ize  shal low scours (Type I I ) :
1. Facies sequence (A): is a f in in g -u p  sequence of  Bryozoan
Wackestones, Bryozoan Mudstone-Wackestones and Nannofossi l 
Mudstone (e.g.  Fig. 74A - Type I I ) .  This fac ies  sequence 
develops in the P ier re -en-Port  and Yport Formations o f  the 
eastern Bee de Caux.
2. Facies sequence (B): is also a f i n i n g  upwards sequence
composed of  Inoceramid Wackestones and occasional Echinoderm 
Wackestone passing up in to  Nannofossi l Mudstones and 
Nannofossi l Chalkstones. This fac ies sequence, on the
other  hand, is  r e s t r i c t e d  to the P ie r re -en -Por t  Formation 
but more ex tens ive ly  developed in the Pays de Caux region 
( i . e .  Fecamp to Grandes Dal les,  g . r :  2,190-55,297 to
2,032-55,355).
4 . E . i . c .  Shallow Scour Type I I I :  In the f i e l d  these scours are
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re fe r red  to as the "scour-complex" (e.g.  Fig.  74A - Type i i i )  and 
occur dominately w i th in  the west Bee de Caux region from Bruneval to 
northeast  É t re ta t  ( g . r :  2,418-55,185 to 2,357-55,239) and southwest
Vaucottes to Yport  ( g . r :  2,281-55,263 to 2,256-55,268). They are
charac ter ized by shallow broad cross sect ional  p r o f i l e s  ranging from
0.5 to 3 metres depth and 5 to 25 metres wide. Smaller trough shaped 
scours ( i . e .  Shallow Scour Type I)  are also commonly associated w ith
the complex. The general axial  trend of  the scour s t ruc tures  is
in te rp re ted  to be northwest/southeast however, ‘ occasional 
southwest /nor theast trends were also recorded (Fig.  62). Most 
c h a r a c te r i s t i c  of  the shal low scour complex is  a complex and diverse 
fac ies  sequence:
1. Facies Sequence (C): Development o f  shal low scours ( i . e .
Type I I I )  are c lose ly  associated w i th  Echinoderm 
Chalkstones, Nannofossi l Chalkstones and occasional Sponge 
Chalkstones (e.g .  Fig.  74A - Type i i i ) .  General f i n i n g
upwards sequences o f  Conglomeratic Chalks, Echinoderm 
Wackestones-Packstones and nannofossi l  mudstones comprise 
the i n f i l l  o f  most scour s t ruc tu res .  Occasional ly shallow 
scours may o v e r l i e  or under l ie  Gravi ty-Flow Chalk Facies 
( i . e .  Boulder-Conglomerates or Slumped Chalks).
Most o f  the fac ies  sequences (C) shows p a r t i a l  dedo lomi t iza t ion .
4 . E . Ü .  Shallow channel s t ru c tu r e s :
Shallow channel s t ruc tu res  occur at  var ious in te r v a ls  w i th in  the 
P ie r re -en -Por t  and Yport Formations between Banc à Cuves and Le Bonne 
P ier re  in the east Bee de Caux region (e.g.  Fig.  57). A continuous 
exposure of  s ix  separate shal low channel s t ruc tu res  (see Appendix 
VII  ) is  preserved in the coastal c l i f f  sect ion between Roc Vaudieu
( g . r :  2,351-55,241 ) and A ig u i l l e  de Bel val ( g . r :  2,323-55,247) .(Fig124).
Most shal low channels range in size from 20 to 430 metres wide 
and 3 to 30 metres deep w i th  dominant northwest/southeast axial
t rends. The concave-up geometry of  shal low channels is def ined by
both t runcat ion  surfaces and convergent bedding. Most channel 
margins (e .g.  Fig.  74A) however, are def ined by t runca t ion  of  adjacent 
s t ra ta  preserving one or two erosional  surfaces (e.g.  Fig.  57). 
Len t i cu la r  beds, 0.3 to 3 metres th ic k ,  t y p i c a l l y  i n f i l l  these channel 
s t r u c tu r e s .
1. Facies Sequence (D): Simple v e r t i c a l  f i n i n g  upwards
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sequences o f  shallow channels are most common being composed 
o f  basal Bryozoan Chalkstones passing up in to  Bryozoan 
Wackestones/Mudstones-Wackestones w ith  occasional
Nannofossi l Mudstones (e.g.  Fig.  74B).
4 . E. i i i . Channel-scour complex
The channel-scour complex represents the most spectacular la te ra l  
and v e r t i c a l  sequence o f  preserved chalk s t ruc tures  w i th in  the Haute 
Normandie region (e .g.  Fig.  74C). The general regional  occurrence of  
the complex is  shown in the fo l low ing  three major c l i f f  t raverses:
i )  Coastal c l i f f  sect ion w i th in  the west Bee de Caux covering
15 km of  coas t l ine  between Bruneval to northeast E t re ta t
(F ig.  53A, g . r :  2,418-55,185 to 2,367-55,239).
i i )  River Seine va l le y  t raverse,  west Bee de Caux, occurr ing 
w i th in  semi-continuous c l i f f  and quarry exposures between 
Bacquevi l le and Tancarv i l le  (Fig.  54B - sect ion A, g . r :  
2,189-54,987 to 2,082-54,974).
i i i )  Coastal sect ion of  east Bee de Caux cover ing 1 km of c l i f f
sect ion between southwest Vaucottes and Yport  (Fig.  53B,
g . r :  2,281-55,263 to 2,256-55,268).
The channel-scour complex also occurs w i th in  smal ler  c l i f f  
sections in the East Bee de Caux region at  Valleuse du Curé (Fig.  53B, 
g . r :  2,317-55,248) and Fonds d 'E t igue (Fig .  53B, g . r :  2,298-55,255).
S t r a t i g r a p h i c a l l y ,  the channel-scour complex spans the upper three 
Formations ( i . e .  Sennev i l le ,  P ie r re -en -Por t  and Yport Formations).
In the f i e l d ,  the channel-scour complex is  character ized by a 
wide v a r ia t io n  in concave-up s t ruc tures  ranging from 0.05 to 35 metres 
deep and 0.5 to 450 metres wide. Both channel and scours d isp lay  
over lapping and cross c u t t in g  features producing s t r u c t u r a l l y  complex 
interchannel  areas or r idges ( i . e .  concave-down s t ruc tu res ) .  
Truncat ion surfaces, convergent and l e n t i c u l a r  bedding represent 
mult iphases o f  erosion and i n f i l l .  The lo ng i tud ina l  axes o f  both 
channel and scour s t ruc tu res  produce dominant northwest/southeast 
trends (Fig.  62) though occasional southwest/northeast o r ien ta t ions  
are seen ( i . e .  La Manne Porte & Porte d'Amont).
Marked s t ra t ig ra p h ie  and regional  facies va r ia t io ns  are 
associated w i th  the channel-scour complex. The fo l low ing  three broad 
f in ing -up  fac ies  sequences character ize  the channel-scour complex of  
the Haute Normandie region.
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1. Facies sequence (E): Comprises o f  basal Echinoderm
Wackestones/Mudstones-Wackestones or Inoceramid Wackestones. 
These f in e  up in to  Nannofossi l Mudstones and Nannofossil 
Chalkstones. Some of  the lower bedding of  the sequence may 
be p a r t i a l l y  do lomit ized/dedolomi t i zed.
Occurrence: Sennevi l le Formation c l i f f  sections along both
coastal and River Seine l o c a l i t i e s  o f  the western Bee de 
Caux.
2. Facies sequence (F):  Echinoderm Chalkstones, Sponge
Chalkstones, Conglomeratic Chalks, Echinoderm Wackestones 
and Packstones and Marly-Chalks may grade up in to  
Nannofossi l Mudstones and Nannofossi l Chalkstones.
Local ized development o f  Boulder-Conglomerates and Slumped 
Chalks may occur a t  any leve l  w i th in  the sequence. Intense 
do lom i t ic /dedo lom i t ic  replacement o f  the s o f t  chalk matr ix 
may occur throughout the sequence at  ce r ta in  l o c a l i t i e s .  
Occurrence: P ie r re -en -Por t  Formation along the coastal
l o c a l i t i e s  o f  the western Bee de Caux region.
3. Facies sequence (G): The base o f  th is  sequence maybe
defined by Bryozoan Chalkstones, Bryozoan Wackestones and 
Inoceramid Wackestones w i th  occasional Conglomeratic Chalks
or Marly-Chalks.  This f ines  up in to  Bryozoan
Mudstones-Wackestones and Nannofossi l Mudstones. Parts of  
the sequence may be dedolomit ized.
Occurrence: P ie r re -en -Por t  Formation along the coastal
sect ion o f  the eastern Bee de Caux region. Yport Formation 
w i th in  both the eastern and western Bee de Caux regions.
4 .E . i v .  Deep channel s t r u c tu r e s :
Deep channel s t ruc tu res  are developed w i th in  the Yport Formation 
but may remove up to 55 metres v e r t i c a l  thickness o f  under ly ing 
P ier re-en-Por t  Formation. Along the coastal sect ion of  the eastern 
Bee de Caux (e.g.  Fig.  53B - 53C) deep channel s t ruc tures  occur at  
fiv,e l o c a l i t i e s :  ( i )  Banc à Cuves ( g . r : 2 , 368-55,236 to 2,360-55,239),
( i i )  northeast Valleuse du Curé to Le Haie d 'E t igue ( g . r :  2,317-55,248 
to 2,302-55,254), ( i i i )  northeast Fonds d 'E t igue to northeast
Va t te to t-sur -Mer  ( g . r :  2,296-55,256 to 2,283-55,262),  ( i v )  Roche aux
Anglais ( g . r :  2,276-55,265) and (v) Pointe du Chichard (g . r :
2,256-55,268).  Deep channel s t ruc tu res  also occur along some
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northern Seine r i v e r - c l i f f  sections between Tancarv i l le  and 
Caudebec-en-Caux w i th in  the eastern Bee de Caux. However, these 
in land exposures of  deep channels are sporadic in d i s t r i b u t i o n  and 
only p a r t i a l l y  preserved in i l l - d e f i n e d  and l a t e r a l l y  discont inuous 
outcrops.
Deep channels possess pronounced trough shape cross sect ional  
p r o f i l e s  (e.g.  Fig.  74D) ranging from 0.6 to 1.3 Km in diameter and 30 
to 65 metres deep. Discordant sect ions of  deep channels d isp lay a 
dominant northeast/southwest axial  o r ie n ta t io n .  Most margins to deep 
channel s t ruc tures  are c le a r l y  def ined by d i s t i n c t  in t ra fo rmat iona l  
t runcat ion  surfaces (e.g.  Figs.  60 - 61, 74D). Ve r t ica l  sect ions 
through channel margins usua l ly  reveal several phases of  channel 
development preserving remnants o f  former t runca t ion  surfaces and 
sediment i n f i l l s  (e.g.  Fig.  60). Deep channel s t ruc tu res  are usua l ly  
def ined by one broad fac ies sequence:
1. Facies sequence (H): Basal Bryozoan Chalkstones,
Conglomeratic Chalks and Bryozoan Wackestones, which f in e  up 
in to  massive Bryozoan Mudstone-Wackestones, Nannofossil 
Mudstones and Mass-Flow Soft  Chalks (e.g .  Fig .  61B, 74D).
4.E.V. Discussion:
Al len (1970 p. 67) def ined the term 'bed form' as " s p a t i a l l y  
per iod ic  mounds and hollows fashioned at  the sed im en t - f lu id  in te r face  
by the act ion o f  tangent ia l  f l u i d  fo rces" .  The erosive bedforms of  
channel and scour s t ruc tures  w i th in  the Haute Normandie chalks require 
an in te rp re ta t io n  which takes in to  account the general physical 
p ropert ies  o f  the i n i t i a l  chalk sediment and bottom cur ren t  v e lo c i t ie s  
which give r is e  to erosion. Fur ther considerat ions are the length of  
t ime of  erosion and subsequent return  to depos i t iona l  condi t ions which 
give r ise  to the v a r ie t y  of  channel and scour morphologies and 
sediment i n f i l l s .  In an at tempt to understand the overa l l
hydrodynamic processes responsible f o r  the Haute Normandie channel and 
scour s t ruc tures  the fo l low ing  discussion also considers the 
palaeoceanic se t t ing  and comparable modern oceanic regimes.
4.E.v .a .  Erosion o f  channels and scours: The assessment of
sedimentary processes responsible f o r  channel and scour development 
involves the general analyses o f  the r e la t io n s h ip  between erosion, 
cur rent  s t rength ,  p a r t i c l e  size and sedimentary deposi t ion.
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Hjulstrom (1939) noted tha t  the cur ren t  v e lo c i t i e s  necessary to erode 
c l a s t i c  sediments genera l ly  decreases w i th  decreasing grain  s ize but 
only down to f in e  sand grade ( 0 .3 -0 .6mm). For s i l t s  and clays,  
however, he demonstrated tha t  higher vé loc i tés  are needed to erode 
these grains than those needed to t ranspor t  them due to the physical 
e f fe c ts  o f  p a r t i c l e  adhesion. Although de ta i led  studies on the
erosion o f  carbonate muds has not been ca r r ied  out .  Southard e t  al
(1971) and Heezen & Rawson (1977) have indicated tha t  s i l t - s i z e d  
fo ram in i fe ra  tes ts  are eroded by weak 15 to 35 cm/sec currents .  
Furthermore, s i l t - s i z e d  p a r t i c le s  w i l l  remain in suspension i f  the 
cur ren t  v e lo c i t y  remains greater than Icm/sec ( H o l l i s t e r  & Heezen 
1972) therefo re  implying tha t  increased cur ren t  v e lo c i t i e s  are 
genera l l y  needed to erode f in e  grained carbonate.
In the Haute Normandie chalks, the combined process o f  winnowing 
and non deposi t ion o f  chalks by weak 15 to 35 cm/sec currents  may have 
been s u f f i c i e n t  to erode some channel-scour s t ruc tu res .  However, 
s i g n i f i c a n t l y  higher cur ren t  condi t ions must have preva i led to erode 
the chalk matr ix  and t ranspor t  sand-sized echinoderm and bryozoan 
grains and chalk pebbles. Closely associated w i th  high cur ren t
a c t i v i t y  is  the format ion o f  var ious chalkstone fac ies ( i . e .  
Nannofossi l Chalkstone, Echinoderm Chalkstone, Bryozoan Chalkstone 
and Sponge Chalkstone Facies) which mainly develop at  the base and
margin of  channel-scour s t ruc tu res .  Hardground surfaces of  these 
chalkstones are of ten eroded producing conglomerat ic chalks (see 
Section 3 .L . )  character ized by s o f t  coarse grain  chalk matr ices of  
echinoderm or bryozoan wackestone and packstone.
However, a f in e  balance between sediment depos i t ion and winnowing 
is  required to i n i t i a t e  chalkstone development (as discussed in 
Chapter 3.C.,  3.E. ,  3.G.,  3 . J . ) .  I t  is  therefo re  envisaged, tha t  a
ra p id ly  eroding cur ren t  would remove sediment s u f f i c i e n t l y  f a s t  enough 
to prevent cementation o f  the channel f l o o r .  However, w i th  a 
decrease in cu r ren t  v e lo c i t y  and subsequent reduct ion in sediment 
removal, cond i t ions may p e r io d ic a l l y  e x i s t  favour ing chalkstone 
development. A l t e rn a t i v e l y  the currents  may wane, r e s u l t in g  in
i n f i l l i n g  o f  the channel or scour s t ruc tu re ,  and h a l t ing  cementation. 
This c r i t i c a l  i n te ra c t io n  o f  processes may exp la in  the d i f fe rences  in 
fac ies sequences, in p a r t i c u la r  the absence of  chalkstones in some 
channel and scour s t ruc tu res .
Other examples of  submarine channels f loo red  by l i t h i f i e d
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sediment have been recorded in modern deep sea environments o f  the 
East Central P a c i f i c  (e.g Heezen & Rawson 1977, M a l l f a i t  & Van Andel 
1980). The importance o f  cur rent  a c t i v i t y ,  submarine erosion and sea 
f l o o r  1i t h i f i c a t i o n  was also reported by Kennet and Watkins (1975). 
They noted tha t  cur rents  greater than 10 to 15 cm/sec prevented 
calcareous deposi t ion and allowed the development of  "manganese 
nodules" and "phosphat ic pavements".
Although chalkstones may be i n i t i a t e d  by cur ren t  a c t i v i t y  they 
may also act  as an erosive b a r r ie r  to any fu tu re  episodes o f  increased 
cur ren t  f low. Despite t h i s ,  some chalkstones along channel margins 
are c le a r l y  t runcated (e.g Fig.  58) which in fe rs  the existence of  
s i g n i f i c a n t l y  high cur ren t  regimes, poss ib ly  in excess o f  lOOcm/sec. 
This may be compared w i th  t id a l  cur ren t  strengths in excess of  
150cm/sec which have been reported on the modern B r i t i s h  o f f  shore 
she l f  (S t r ide  e t  al 1972): these t id a l  cur rents  are responsible f o r  
in c is in g  lo ng i tud ina l  furrows wi th  gravels and pebbles along the 
English Channel sea f l o o r .  These furrows measure up to 9 km in
length ,  0.15 to 15 metres wide and 1 metre deep (e.g .  S t r ide  e t  al 
1970, Flood 1981). Flood (1981) suggested these furrows developed 
p a ra l le l  to a secondary f low pattern o f  long i tud ina l  he l ica l  
c i r c u l a ta r y  c e l l s  which is  superimposed on the main cur ren t  f low 
d i re c t io n  (Fig 75).
S im i la r  furrow s t ruc tures have been described from abyssal 
environments (e.g.  Lonsdale e t  al 1973, Lonsdale 1974, H o l l i s t e r  et  
al 1974) but these are usua l l y  la rge r  scale,  to the English Channel 
furrows, ranging from 1 to 20 metres deep, 30 to 150 metres wide and 
4 km in length.  Lonsdale and Spiess (1977) a t t r i b u t e  these furrow 
s t ruc tu res  to combined thermocl ine cur ren t  a c t i v i t y  and oceanic 
c i r c u l a t i o n  producing secondary he l ica l  f low pat terns .  The most 
d i s t i n c t i v e  feature o f  both cont inenta l  she l f  and abyssal furrow 
s t ruc tures  is the regu la r  narrow spacing o f  in d iv idua l  furrows 
producing in te r fu r row  ridges (e.g.  Fig.  75). Although, the
channel-scour complex of  the Haute Normandie chalks are composed of  
many, la rge r  scale channel features which developed over longer 
periods o f  t ime, the f requent development o f  interchannel  r idges 
between regu la r ly  c lose ly  spaced channels may also i n f e r  a he l ica l  
f low regime. Such a secondary f low pattern may have been generated 
by a combination o f  oceanic and t id a l  cur rents  (see below).
The erosional  features of  modern cont inenta l  she l fs  are usua l ly
FIG 75: Diagram showing the predicted r e la t io n s h ip  between secondary
f low c i r c u la t i o n s  and the development o f  lo ng i tud ina l  
furrows (from Flood 1981).
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ove r la in  by deposi t ional  bedforms such as sand r ip p le s ,  sand ribbons 
and sand waves dep ic t ing  a lower energy regime (Belderson e t  al 1982). 
Heezen and Rawson (1977) also noted the format ion o f  sand r ipp les  
w i th in  modern deep sea channels of  the Cocos Ridge, East Central 
P a c i f i c .  Likewise, Anderton (1976) described ancient channels from 
the Jura Quar tz i te  i n f i l l e d  w i th pebbles and sand waves. The to ta l  
absence o f  depos i t iona l  bedforms, such as cross laminat ions,  w i th in  
the channel and scour s truc tures of  Haute Normandie Chalks is mainly 
a t t r i b u te d  to extensive post deposi t ional  des t ruc t ion  by burrowing 
(e.g .  Section 3 .B . ) .  However, the dominant f in ing -up  facies
sequences preserved w i th in  most chalk channels and scours is 
i n d ic a t i v e  o f  decreasing current v e lo c i t i e s .
4 .E .v .b .  Paleoceanographic Regime: During the upper Cretaceous the
Chalk was deposited w i th in  an ep icont inenta l  basin def ined by a 
complex o f  subbasinal areas (e.g.  Hancock 1975, 1984, Ze ig le r  1982, 
Tyson & Funnel 1 1987). The western English Channel provided the main 
connection between the Proto A t la n t i c  and the chalk sea o f  northwest 
Europe (Fig 76). The Armorican Massif  remained an emergent land area 
up to the Santonian (e.g.  Juignet 1974, Kennedy & Juignet  1974) and 
the Welsh and I r i s h  Massifs were also probable land masses dur ing th is  
time (e.g.  Jarv is  1980, Tyson & Funnel 1 Figs 8 and 9 1987).
Estimated depths f o r  the chalk seas o f  northwest Europe have been 
wide ly  quoted between 100 and 600 metres (e.g.  Hancock 1975, Kennedy 
1987) although depths of  50 metres or less have been suggested fo r  
some chalk horizons (e.g.  Kennedy 1970). The Haute Normandie region 
l i e s  between 50 and 100 km northwest of  the Armorican Massi f  and
sedimentological  evidence presented in th is  study (Chapter 3) suggests 
a subphot ic deposi t ional  environment o f  depths between 150 and 600 
metres. Schol le (1974) in fe r red  a lower l i m i t  to the phot ic  zone
w i th in  chalk seas o f  between 150 and 200 metres. This depth o f  the 
chalk sea in the Haute Normandie region ( i . e .  150-600 metres)» is an 
impor tant  considera t ion  when comparing cur ren t  regimes on modern 
cont inenta l  shelves.
Walker (1984) noted tha t  modern cont inenta l  shelves d isp lay  "one 
o f  the most complex deposi t ional  environments " because of  the
in te ra c t io n  o f  several d i f f e r e n t  cur rent  f low processes. In general ,
modern she l f  environments (Sw i f t  e t  al 1971 p . 324) are inf luenced by
four  types o f  cur ren t:  ( i )  Tidal cur rents ,  ( i i )  In t rud ing  ocean
FIG 75: General palaeogeography o f  the Upper Cretaceous in northwest
Europe (Geology base map based on Hancock 1976, 1984, 
Ze ig le r  1982, Tyson & Funnel 1 1987).
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cur ren ts ,  ( i i i )  Meteorological  currents ( i . e .  storms),  ( i v )  Density 
c u r re n ts .
Meteorological  cur rents  (e.g.  storm surges) are wind dr iven 
currents  generated by local  c l im a t i c  condi t ions and in f luence up to 
80% of the wor lds '  modern cont inenta l  shelves (Sw i f t  e t  al 1971). In 
the North Sea o f f  northeast Denmark storm surges may produce near sea 
surface currents  o f  200cm/sec (S t r ide  & Chesterman 1973). However, 
the maximum-depth o f  these currents is  about 60 metres (eg. Lavel le et  
al 1975) and therefo re  t h i s  type o f  cur ren t  is  not considered as an 
eros ive mechanism f o r  the Haute Normandie channel and scour chalk 
s t ruc tu res .  In f a c t ,  no evidence o f  storm deposited chalks have been 
seen.
Density cu r ren t  deposi ts (i.e. Gravi ty-Flow Chalk Facies) are 
preserved in  the Haute Normandie chalks but are loca l ized  in 
development and do not occur in many channel s t ruc tu res .  The erosive 
a b i l i t y  o f  dens i ty  currents is  not regarded as a s i g n i f i c a n t  process 
in the development o f  chalk channels and scours. Furthermore, 
submarine s l i d e  scars and erosive g ra v i t y  f low channels are more 
t yp ica l  o f  steep cont inenta l  margin se t t ings  at  greater  water depths 
(e .g.  Cook & M u l l ins  1983).
The two most l i k e l y  mechanisms generat ing erosive scour and 
channe l l ing o f  the Haute Normandie chalks are she l f  impinging oceanic 
and t i d a l  cur ren ts .  Oceanic currents are permanent u n id i rec t io na l  
cur rents  generated by the ea r th 's  main seasonal wind systems. Heezen 
and H o l l i s t e r  (1971) recorded v e lo c i t i e s  o f  these currents in excess 
o f  a 100 cm/sec and erosional  a c t i v i t y  on the sea f l o o r  down to a 1000 
metres depth. Berggren and H o l l i s t e r  (1974) suggest the format ion of  
a p r im i t i v e  Gulf  Stream cur ren t  w i th in  the Proto A t l a n t i c  dur ing the 
eary Cenomanian. I t  has been suggested tha t  th is  permanent cur rent  
entered the ep icont inenta l  sea area of  the Tethys (Berggren and 
H o l l i s t e r  1974) and northwest Europe (see Fig.  77A and also Jarv is
1980) dur ing the Late Cretaceous. I t  is  also envisaged here tha t  by 
the Upper Turonian a permanent cur rent regime o r ig i n a t in g  from the 
Proto A t l a n t i c  caused much of  the erosive channel l ing and scouring of  
the '  chalks sea f l o o r  w i th in  Haute Normandie and English Channel 
regions (Fig.  78). In the modern, English Channel, a s im i la r  f low 
pattern o f  eas te r ly  permanent currents are in existence (Fig.  77B). 
Erosion by modern oceanic currents is a feature most c h a ra c te r i s t i c  o f  
the Canary cur ren t  which f lows onto the West A fr ican she l f  producing
F I&77 ;  (A) Upper Cretaceous pal aeoceanography constructed on a
Mercator Pro jec t ion  o f  Europe showing the pos tu la ted surface 
cur ren t  d i rec t io ns  ( a f t e r  Jarv is  1980).
(B) Present day usual d i re c t io n s  o f  f low o f  the mean 
non-t ida l  cur rents  around the B r i t i s h  Use ( a f t e r  Johnson et  
al 1982).
224
' ' V . v;- ■
••.BALTIC SHIELD-
%
\ ' ^ y /  '
Ukraniafi' Shield
C A N A D IA N
S H IE L D
VNorth<< C'-'i-
3 0 “ N
TETHYS
PROTO-ATL^TIC
1000 km
///AFRICA> mELD
Probable land areas r^TT] Massifs and s fru c tu ra l highs 
^  Postulated surface circulation
/
/ /
\ \
COMPLEX
COMPLEX
CHANNEL CURRENTS
SUMMER
^""^WINTER
225
scours and channels up to 1km in length,  200 metres wide and 20 
metres deep (Newton e t  al 1973).
Johnson e t  al (1982) noted the fo l low ing  important features of  
oceanic currents in she l f  environments:
1. A long term strong un id i rec t io na l  f low which is able to 
impinge on cont inenta l  shelves and can determine the 
o r ie n ta t i o n  o f  bedforms.
2. Impinging oceanic currents may become superimposed on the
main t i d a l  f low increasing overa l l  cur ren t  v e lo c i t i e s .
The in f luence  o f  t i d a l  currents is  a more important process on 
cont inenta l  shelves and a f fe c ts  up to 17% of modern cont inental  she l f  
environments (S w i f t  e t  al in press).  When t id a l  currents  pass over 
cont inenta l  shelves they are ampl i f ied  by decreasing depths and width 
o f  the cont inenta l  sea. Tidal  am p l i f i c a t ion  or increased t id a l
cur ren t  a c t i v i t y  is  assumed by th is  author to be generated by the 
convergence of  t ides  from the P ro to -A t lan t ic  in to  the chalk sea of  
northwest Europe. This cur ren t  may have combined w i th  an eas te r ly
f low ing P ro to -A t la n t i c  cur ren t  g rea t ly  enhancing current  v e lo c i t i e s .
Channel and scours w i th in  the Upper Cretaceous chalks are la rg e ly  
concentrated nearest  the A t l a n t i c  opening w i th in  the English Channel 
and Haute Normandie regions (Fig.  78A). Presumably erosive current  
a c t i v i t y  was g rea tes t  along th is  western margin of  the ep icont inenta l  
sea (Fig.  78B). The reduct ion o f  erosional  bedforms to the east and 
southeast across the chalk sea is  a t t r ib u te d  to the a f fec ts  of  
f r i c t i o n a l  drag coupled w i th  the increasing width of  the chalk sea. 
Smal l-scale scour s t ruc tures  w i th in  the North Downs Chalk are 
a t t r ib u te d  to phases of  increased t id a l  cur ren t  a c t i v i t y  (Robinson 
1986B)
An important aspect o f  increased cur ren t  a c t i v i t y  or 'cu r ren t  
a m p l i f i c a t io n '  is  the close assoc ia t ion w i th  overal l  shal lowing o f  the 
sea (e.g.  S i l v e s te r  1974, Schopf 1980, Howarth 1982). During the 
Upper Cretaceous o f  northwest Europe widespread shal lowing o f  the 
chalk sea occurred dur ing regressive eus ta t ic  f lu c tu a t io n s  in sea 
level  re la ted  to volume changes o f  mid-oceanic r idges (e.g.  Cooper 
1977, Reyment & Morner 1977, Robanszynski 1981). Kennedy and 
Ju ignet  (1974) f i r s t  suggested tha t  the chalk s t ruc tures of  Haute 
Normandie were i n i t i a t e d  dur ing a general low sea level  stand a r is ing  
from several regress ive episodes from the la te  Turonian to Santonian. 
Under these cond i t ions they assumed chalk deposi t ion took place w i th in
FIG 78: (A) General map o f  the Upper Cretaceous Chalk o f  the
Anglo-Paris Basin showing the d i s t r i b u t i o n  o f  scour,  channel
and erosional cuvette s t ruc tu res  (data based on Jarv is  1980, 
Robinson 1984, Mortimore 1986 and t h i s  p r o je c t ) .
(B) Postulated dominant cu r ren t  d i re c t io n  w i th in  central
northwest Europe dur ing the Upper Cretaceous.
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the phot ic  zone (approximately 50 metres depth) which allowed fo r  
seagrass co lon iza t ion  o f  the sea f l o o r  and subsequent biohermal 
accre t ion  o f  chalk 'Banks' .
Whereas, regressive episodes may have cont r ibu ted  to the general 
decrease in water depth throughout the chalk sea, the present author 
bel ieves tha t  the Haute Normandie region was not in f luenced by phot ic 
cond i t ions - because of  the absence o f  algae. More impor tant ly  the 
in te ra c t io n  of  regressional  cycles and submarine erosion of  
topographic highs has been recognised as an important feature of  the 
chalk sea (e.g.  Bromley 1965, 1967, Cooper 1977)
In conclusion, the channel and scour s t ruc tures  of  Haute 
Normandie r e f l e c t  lo ca l i zed  erosion by a possible combination of  
oceanic and t i d a l  cur rents  on the chalk sea f l o o r .  The shal lowing of  
the chalk sea dur ing regressional  phases and tec ton ic  u p l i f t  may have 
increased erosional  a c t i v i t y  (see below).
4.F. BASINAL AND TECTONIC SETTING:
Mortimore and Pomerol (1987) noted tha t  there is "o f ten a subt le 
re la t io n s h ip  between tec ton ic  s t ruc tu re  and sedimentation in the chalk 
of  the Anglo-Par is Basin". To understand the cont ro ls  on chalk
sedimentation w i th in  Haute Normandie, the present analysis must take 
in to  account the fo l low ing  features :
1. General tec ton ic  and sedimentary evo lu t ion  o f  the northern 
Paris Basin.
2. Regional v a r ia t io ns  in the Haute Normandie succession w i th  
p a r t i c u l a r  reference to the pattern of  channel-scour 
development and fac ies  sequences.
4 . F . i .  General review
Hebert (1863, 1872 & 1875) f i r s t  noted large scale
nor thwest/southeast "undula t ions"  t rending p a ra l le l  to the d i re c t io n  
of  the Armorican axis and a f fe c t in g  much o f  the Upper Cretaceous
sequences across Normandy and Picardy.  More recent de ta i led
s t ruc tu ra l  syntheses o f  the northern Paris Basin (e.g.  Col beaux e t  al 
198'0, Robaszynski 1981) descr ibe the area in terms of  a ser ies of
northwest/southeast t rending tec ton ic  blocks (Fig.  79A). Each block 
def ines a sub-basin bounded by f a u l t s  or f a u l t  re la ted features.  
This p a ra l le l  pa t te rn  o f  nor thwest/southeast f a u l t  l ines  are inhe r i ted  
from Post-Hercynian tec ton ic  movements (e.g.  Col beaux e t  al 1977) and 
some f a u l t s  may s t i l l  be ac t ive ,  i n t e r m i t t e n t l y ,  even today. Faul t
FIG 79: (A) Map showing tec ton ic  crus ta l  blocks w i th in  the northwest
o f  the Paris Basin ( a f t e r  Col beaux e t  al 1977, Robaszynski
1981).
(B) General s t ru c tu ra l  features o f  northern France and the 
cent ra l  English Channel region ( a f t e r  Smith & Curry 1975, 
Smith 1984).
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re la ted s t ruc tures  are usua l l y  def ined by northwest/southeast
o r ien ta ted  fo lds  or a n t i c l in e s  and in te rp re ta te d  as surface 
expressions of  movement generated by major subsurface crusta l  f a u l t  
s t ruc tures (e.g.  Juignet 1974, Smith & Curry 1975, Col beaux e t  al
1977). Mortimore and Pomerol (1987) suggested tha t  "the major
basement tec ton ic  l ineaments across the Anglo-Paris Basin...............
provide the zones when movement to r e l ie v e  stresses between the 
Tethyan-Alpine realm and opening o f  the A t l a n t i c  could take place".
Two major nor thwest/southeast f a u l t  s t ruc tu res  extend northwards 
from the Paris Basin in to the Engl ish Channel and form two prominent 
s t ruc tu ra l  l i n e s ;  ( i )  the S ta r t -Co ten t in  l i n e  and ( i i )  the 
Bembridge-St.Valery l i n e  (Fig.  79B). These two major NW/SE f a u l t  
s t ruc tures are co inc ident  w i th  p re -e x is t in g  Variscan f a u l t  s truc tures 
and are a t t r i b u te d  la rg e ly  to the evo lu t ion  of  the Central Channel 
Basin (Smith & Curry 1975, Smith 1984). The Bembridge-St. Valery 
l i n e  is  envisaged to extend southwards through northern France to the 
S i l l o n  Mou i l le r  o f  the Massif Central (Smith & Curry 1975).
The Central English Channel basin region is character ized by
considerable s t ruc tu ra l  complexi ty (Figs.  79B, 80A) w i th  east-west as 
well  as northwest-southeast t rending s t ruc tu res .  Many major
s t ruc tures (e.g I s le  o f  Wight, Central Channel and Bembridge-St.
Valery s t ruc tu ra l  l i nes )  may represent l i s t r i c  forms of  th rus t ing  and 
normal f a u l t i n g  (Smith 1984). In add i t ion ,  extensional  tec ton ics  may 
be in fe r red  from some west-east t rending f a u l t s  north of  the Baie de 
la Seine (Larsonneur e t  al 1975).
The S ta r t -Co ten t in  l i n e  along the western Central English Channel 
Basin margin formed a s t ruc tu ra l  high dur ing Cretaceous deposi t ion 
re s u l t in g  in up to 50% th inn ing  of  Cretaceous St ra ta  (Le fo r t  1975). 
Mortimore (1983 & 1987) def ined the major "axis o f  Upper Cretaceous
chalk sedimentat ion" w i th in  the Sussex-Dieppe Basin ( includes Eastern 
English Channel region) and also suggested tha t  i t  resembled a 
"T e r t ia r y  s t y le "  o f  deposi t ion in f luenced by invers ion tec ton ics .  
Synsedimentary chalk s t ruc tu res  (Upper Cretaceous) were also 
in te rp re ted  from seismic data west o f  the Bembridge-St.Valery Line by 
Smith and Curry (1975) who suggested th a t  they may be caused by "minor 
tec ton ic  movements in an area o f  considerable tec ton ic  complexi ty" .
The same seismic p r o f i l e s  analysed by Smith and Curry (1975) were 
also studied along w i th  more recent surveys f o r  t h is  p ro jec t  (e.g.  
Figs. 69, 70, 71). Figure 81 reveals the existence o f  major f a u l t s
FIG 80; (A) General geology o f  nor thern France and the central
English Channel region. Note; the complexi ty of  the cent ra l  
English Channel geology. Key; Lower T e r t ia r y  (LT),  lower 
Cretaceous (LT), Ju r rass ic  ( J ) ,  Permian/Tr iassic (PT), 
g ran i te  (G), metamorphic basement (MB). A f te r  Smith (1984).
(B) General l o c a l i t y  and geology map of  Haute Normandie
(based on Juignet 1974).
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FIG 81: Seismic p r o f i l e s  through la te  Cretaceous (Cenomanian to
Santonian) chalks north o f  the Normandie c oas t l ine  showing 
some tec ton ic  and sedimentary fea tu res :  P r o f i l e  A (Traverse
3 to 4- see Fig 69) shows the Fecamp-Cotentin Fau l t  and 
associated s t ruc tu res .  P r o f i l e  B (west pa r t  o f  Traverse g 
to h) showing f a u l t  in the Baie de la  Seine area. P r o f i l e  C 
(southwest par t  o f  Traverse 3 to 4) showing the margin o f  an 
a n t i c l i n e  s t ruc tu re  (A) w i th  associated channels (C). 
P r o f i l e  D (Traverse 1 to 2) showing an a n t i c l i n e  (A) w i th  a 
northern steep l imb dep ic t ing  an unconformity (U). Note: 
the development o f  channels (C) over the a n t i c l i n e .
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and c lose ly  associated a n t i c l i n a l  s t ruc tu res  developed w i th in  Upper 
Cretaceous Chalks north o f  the Haute Normandie coas t l ine  passing 
westwards towards the Cherbourg Peninsular.  Channel and scour 
s t ruc tures  were picked out in two p r o f i l e s  ( i . e .  Fig.  81D) developed 
over a prominent asymmetrical a n t i c l i n e  w i th  a steep nor th-nor theast  
fac ing l imb. In f ig u re  81D there is a d i s t i n c t  increase in number of  
channel and scour s t ruc tures  towards the c res t  o f  the a n t i c l i n e .  An 
angular unconformity plane (U) is  c le a r l y  picked out along the 
northern l imb o f  the a n t i c l i n e  as ind ica ted by the progressive change 
in  dip o f  the seismic r e f l e c t e r s .
The southern l imb o f  the a n t i c l i n e  is  gen t ly  dipping and hence 
the corresponding unconformity plane is less pronounced. I t  was also 
noted tha t  chalk genera l l y  th ins  over these a n t i c l i n e  s t ruc tures  (e.g.  
Fig.  81D) and develops pronounced r e f l e c t o r  hor izons. Undoubtedly, 
these features f u r t h e r  ind ica te  synsedimentary tec ton ic  a c t i v i t y .
The Haute Normandie region (Fig.  79A, 80B) is located on the 
northern margin o f  the Caux Block ( c . f .  Col beaux e t  al 1980). The 
Caux block is  bounded to the east by Ride de Rouen and to the 
southeast by the Roumois f a u l t  zone (e.g.  Fig.  82). Both these 
margins acted as s t ruc tu ra l  highs in f luenc ing  chalk sedimentation at  
var ious in te rv a ls  dur ing the Albian to Lower Turonian (e.g.  Juignet 
1974, Juignet e t  al 1973, Juignet & Kennedy 1976, Monciardini 1977, 
Robaszynski 1981). A f u r t h e r  subd iv is ion o f  the Caux Block in to  two 
subblocks or subbasins separated by the Li l lebonne Axis (e.g.  Juignet 
1974, Juignet & Kennedy 1975) resul ted from p o s i t i v e  movements along 
the Axis dur ing the Lower to Middle Albian and again dur ing the Lower 
Cenomanian. Juignet (1974) c le a r l y  demonstrated as much as 80% 
sedimentary th inn ing  o f  Lower Cenomanian s t ra ta  (e.g .  Craie de Rouen 
Formation) from west to east over the Li l lebonne Axis.  The e f f e c t  of  
t h is  a n t i c l i n a l  s t ruc tu re  on sedimentation w i th in  the mid Caux region 
was also evident from the general s t ra t i g ra p h ie  analys is  ca r r ied  out 
by th is  study (see Chapter 2).
The fo l low ing  descr ip t ion  suggests a cont inuat ion  o f  a 
t e c to n ic a l l y  c on t ro l led  chalk deposi t ion from the Upper Turonian in to  
the Santonian o f  the Haute Normandie region.
4 . F . Ü .  Regional development o f  channel-scours and fac ies  sequences:
Most channel and scour s t ruc tures  occur e i t h e r  in the Eastern or 
Western Bee de Caux o f  Haute Normandie (e .g.  Fig.  83) and develop
FIG 82: Paleogeographic s e t t i n g  showing major tec ton ic  s t ruc tures
c o n t r o l l i n g  sedimentat ion w i th in  northern France dur ing the 
Cretaceous (Albian to Turonian).  Tectonic highs and 
synsedimentary tec ton ic  a c t i v i t y  occurred at  var ious 
s t ra t ig ra p h ie  in te r v a l s :  (A) Ride du Bray (Lower
Cenomanian), (B) Ride de Rouen (upper Cenomanian to lower 
Turonian), (C) Li l lebonne axis ( lower to middle Albian and 
lower Cenomanian), (D) Roumois Fau l t  zone ( lower Albian to 
lower Cenomanian). (E) M er le rau l t  axis (middle to la te  
Cenomanian). Note: Armorican massif  shown as land area w ith  
a palaeoshore l i n e  (S). (based on Juignet  1974, Juignet & 
Kennedy 1975, Monciardini  1977, Robaszynski 1981).
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w i th in  c l i f f  sections which show marked s t ra t ig ra p h ie  th inn ing .  The 
fo l low ing  descr ip t ion  summarizes the complex re g io n a l / s t r a t i g r a p h ie  
pa t tern  of  the var ious types o f  channel-scour s t ruc tu res  and facies 
sequences.
4 , F . i i . a .  Western Bee de Caux: Along the coastal sect ion channels
and scours are exposed high in the c l i f f  face at  Cauvi11e-en-Caux 
northeastwards to below beach level  north o f  É t re ta t  ( g . r :  
2,465-55,109 to 2,367-55,239). Far less is  exposed in land where they 
outcrop in only a few r i v e r  c l i f f  and quarry sect ions along the
northern bank of  the River Seine between Sandouvi l le eastwards towards
Tanca rv i l le  Bridge (g . r :  2,238-54,990 to 2,082-54,974).  To the east 
o f  Tancarv i l le  br idge, channels and scours are absent from a 
continuous c l i f f  sect ion which is  character ized by the apparent sudden 
increase in thickness o f  the Sennevi l le Formation ( f o r  d e ta i l s  see 
Chapter 2).  This also corresponds to th icken ing o f  the
Pie r re -en -Por t  Formation immediately nor theast o f  É t r e ta t  along the 
Banc à Cuves. The eastern boundary o f  the western Bee de Caux and 
associated channel-scour s t ruc tures  i s ,  the re fo re ,  taken along an 
approximate nor theast/southeast l i n e  between Banc à Cuves and
Tanca rv i l le  Bridge (west s ide).
The Western Bee de Caux channel-scours span three Formations 
( i . e .  Sennev i l le ,  P ie r re -en-Por t  and Yport  Format ions). However, 
both the Sennevi l le and P ier re-en-Por t  Formations d isp lay  rapid 
s t ra t ig ra p h ie  condensation towards the eastern margin, passing from 
the channel-scour complex in to  the scour complex. This is  also 
marked by the d i s t i n c t i v e  nor theas te r ly  la te r a l  t r a n s i t i o n  of  fac ies 
sequences E and F to C (Sect ion 4 .E . ) .
The Yport Formation, on the other  hand, is  charac ter ized by less 
extensive and complex channel-scours and o f ten displays separate 
shal low and deep channel s t ruc tu res .  The eastern boundary of  the
western Bee de Caux channels is  not well  def ined along the coastal
sect ion and shows an over lap by a deep channel s t ruc tu re  at  Banc à
Cuves. This v a r ie t y  o f  channel s t ruc tu res  is  re f l e c te d  in the
d i v e r s i t y  o f  fac ies sequences (e.g.  fac ies  sequences D, G and H - 
Section 4 .E . ) .
4 . F . i i . b .  Eastern Bee de Caux: Eastern Bee de Caux channel-scours
are almost exc lus ive ly  exposed along the coastal sect ion between 
Valleuse du Curé and Yport (Fig.  83). I t  is  not  c e r ta in  how fa r
FIG 83: C l i f f  sketch sect ions showing the general nature and
d i s t r i b u t i o n  of  channel-scour s t ruc tu res  along coastal Haute 
Normandie. Key to l o c a l i t i e s :  A = Bruneval Plage, B = Cap 
d 'A n t i f e r ,  1 = Le Fourquet, 2 = Pointe du Fourquet, 3 = 
Valleuse d 'A n t i f e r ,  4 = Pointe de la  Court ine,  5 = La Manne 
Porte, 6 = Valleuse de Jambourg, 7 = Pointe d 'A va l ,  8 =
Pointe d'Amont, 9 = Le Banc à Cuves, 10 = Roc Vaudieu, 11 = 
A ig u i l l e  de Bel va l ,  1 2 - =  Valleuse du Curé, 13 = Fonds 
d 'E t igue,  14 = Fosse aux Sourds, 15 = Roche aux Angla is,  16 
= La Pucel le,  17 = Pointe du Chicard,  18 = La Cavée Rouge, 
19 = Grainval ,  C = Cotes de Rennevi l le .
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south th is  area extends owing to the lack of  su i tab le  in land outcrops. 
However, some l a t e r a l l y  discont inuous sect ions o f  channel s t ruc tures  
were observed in small dispersed outcrops nor theast o f  Tancarv i l le  
towards V i l l i q u i e r  and Caudebec-en-Caux (Fig.  54B). I t  is postulated 
tha t  these poor ly  exposed s t ruc tures represent the southwesterly 
extension o f  t h i s  eastern area of  channel and scours running pa ra l le l  
to those o f  the Western Bee de Caux.
The Sennevi l le Formation is  not exposed in the c l i f f  face along 
the coastal sect ion of  the Eastern Bee de Caux. The succeeding 
P ie r re -en -Por t  Formation, however, is  exposed and displays an apparent 
northeast tec ton ic  con f igura t ion  coupled w i th  sedimentary th inn ing  and 
loca l  cut  out by large scale channels. This is seen along the Banc à 
Cuves to northeast  Va t te to t  coastal sect ion ( g . r :  2,362-55,258 to 
2,283-55,262) where the upper par t  o f  the P ier re-en-Por t  Formation is 
exposed comprising dominantly o f  a th ick  Benouvi l le Member. Along 
t h is  sect ion the Benouvi l le Member ranges between 40 and 50 metres 
th ick  but i t  i s  l o c a l l y  cut  out by deep channel s t ruc tu res  northeast 
o f  Val leuse du Curé ( g . r :  2,317-55,247 to 2,302-55,254) and northeast 
of  Fonds d 'E t igue ( g . r :  2,296-55,256 to 2,283-55,262). Immediately
nor theast  o f  t h i s  coastal section between Vaucottes and Yport  ( g . r :  
2,272-55,265 and 2,256-55,268) a d i s t i n c t  change in the s t ra t ig raphy  
is  exh ib i ted  by a condensed sequence of  the Benouv i l le ,  Dalles and 
upper E le to t  Members o f  the P ier re-en-Por t  Formation outcroping above 
beach level  w i th in  the c l i f f  face.
A f u r t h e r  feature o f  the P ier re-en-Por t  Formation between Banc à 
Cuves and Yport  ( g . r :  2,362-55,238 to 2,256-55,268) is  a marked change 
in channel and scour s t ruc tures and fac ies  sequences. This is  shown 
by a general nor theast t r a n s i t i o n  between shal low and deep channels 
in to  scour and channel-scour complex s t ruc tu res .  This is also 
combined w i th  a change in fac ies sequences from G to C (Sect ion 4 .E . ) .
The over ly ing  Yport Formation displays an array o f  shal low and
deep channels inc lud ing  var ious shal low scour and channel-scour 
complex s t ruc tu res .  At leas t ,  three fac ies  sequences (e.g.  D, G and 
H) are represented. At a higher level  in the Yport  Formation, the
eastern margin o f  the channel /scour area is transgressed by shallow 
channel and shal low scour s t ruc tures w i th  the development of  fac ies 
sequences A and D (Sect ion 4 .E . ) .
An important feature of  the Sennevi l le  and P ie r re -en -Por t
Formations w i th in  both the western and eastern Bee de Caux regions is
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the general southwest-northeast evo lu t ion of  the channel and scour 
s t ruc tu res .  The general pat tern shows s o l i t a r y  deep and shallow
channels occur r ing  w i th in  the southwest regions o f  each area but pass 
in to  channel-scour complex and scour complex s t ruc tu res  towards the 
northeast.  This is also accompanied w i th  an overa l l  rapid
condensation in the s t ra t ig raphy .
A . F . i i i .  P iscuss ion: A possible tec ton ic  control  on chalk
depos i t ion.
Previous workers have def ined var ious sub-basinal areas w i th in  
the northern Paris Basin on the basis o f  the fo l low ing  c r i t e r i a :  
tec ton ic  features (e.g.  Col beaux e t  al 1977), s t ra t ig ra p h ie  
v a r ia t io n s  (Juignet  & Kennedy 1976) and sedimentary fac ies (e.g.  
Monciardini 1978). A tec ton ic  and palaeoceanographic cont ro l  on
chalk sedimentat ion is  proposed in th is  study, f o r  the Haute Normandie 
region (Fig.  84),  based mainly on the regional  d i s t r i b u t i o n  of  channel 
and scour s t ruc tu res  (Fig.  83) together w i th  associated fac ies  
sequences. Other evidence f o r  a tec ton ic  cont ro l  is  shown by
s t ra t i g ra p h ie  v a r ia t io n s  and general loca t ion  o f  a n t i c l in e s /s y n c l in e s .
Submarine erosion is  most pronounced over tec ton ic  highs in the 
chalk sea (e.g.  Hancock 1975, Robaszynski 1981). Cooper (1977) noted 
tha t  on swells in the chalk sea, dur ing times of  "maximum shal lowing" ,  
there maybe considerable hardground development and changes in the 
"sediment type".  Mortimore (1986b) noted major channel-scouring
events w i th in  the Cenomanian and Turonian chalks o f  southern England 
and in fe r red  a close assoc ia t ion w i th  the development o f  the Kingston
A n t i c l i n e  (see also Mortimore & Pomerol 1987). In modern marine
se t t ings  submarine highs are an important feature  o f  non-deposi ted and 
eroded sequences (Johnson e t  al 1977). The t e c to n ic a l l y  induced deep 
sea highs o f  the Cocos Ridge (Heezen & Rawson 1977) and Carnegie Ridge 
( M a i fa i t  & Van Andel 1980) are important present day s i tes  o f  
extensive scouring and channel l ing.  Tectonic highs in the Haute 
Normandie region are in fe r red  by the fo l low ing  features:
1. Regional and s t ra t ig ra p h ie  l o c a l i z a t io n  o f  channel and scour 
s t ruc tu res  which poss ib ly  in d ica te  areas of  increased 
cur ren t  a c t i v i t y  resu l t in g  from shal lower water cond i t ions.  
This is def ined by two provinces w i th in  Haute Normandie 
( i . e .  western and eastern Bee de Caux) which are dominantly 
character ized by the development o f  high energy
FIG 84; (A) General l o c a l i t y  map of  coastal  Haute Normandie from
Bruneval to Fecamp. Key to c l i f f  sect ion in te r v a l s :
Bruneval (A), Porte d'Amont (B), Valleuse du Cure (C), 
Pointe du Chicard (D) and Cap Fagnet (E).
(B) Schematic i n te rp re ta t i o n  o f  regional scour and channel 
development associated w ith  synsedimentary tec ton ic  highs. 
Paleo-seaf loor  level  (SF) is taken at  the top o f  the 
P ier re-en-Por t  Formation.
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channel-scour and scour complex s t ruc tures  (e.g.  Fig.  83)
2. The close assoc ia t ion  o f  fac ies sequences w i th  these channel 
and scour s t ruc tu res  r e f l e c t i n g  m u l t ip le  episodes o f  erosion 
(Sect ion 4 . E . ).
3. The general regional  s t ra t ig ra p h ie  th inn ing  o f  var ious 
format ions (Chapter 2).
Despite these observations (above), much of  the f i e l d  evidence 
in d ic a t in g  a tec to n ic  cont ro l  on chalk sedimentation is incomplete and 
l im i te d  by the fo l low ing  fac to rs :  ( i )The v e r t i c a l  extent  o f  the c l i f f
l i n e ,  ( i i )  the spa rc i t y  o f  in land outcrops and ( i i i )  the general 
regional  d ip and progressive disappearance o f  beds to the northeast.  
The analysis o f  seismic p r o f i l e  records (e.g.  Fig.  81) has rea ff i rmed 
i n i t i a l  f i e l d  observat ions and in te rp re ta t io n s .  More im por tan t ly ,  
seismic p r o f i l e s  have proved the existence of  subsurface a n t i c l in e s  
which are assumed to have inf luenced sea f l o o r  highs and the pat tern 
of  sedimentary features across the region. The close assoc ia t ion of  
f a u l t i n g  to f o ld in g  ind ica tes  compressional or  extensional  movements 
(Fig.  81), w i th  a n t i c l i n e s  poss ib ly  r e s u l t in g  from surface reversals 
over ly ing  major normal f a u l t  planes.
Comparable features between the seismic p r o f i l e  (Fig.  81D) and 
f i e l d  data (Fig .  83 and Appendix VI I )  include the fo l low ing :
1. Concentrat ion o f  channel and scour s t ruc tures  over an
a n t i c l i n e .  A n t i c l in e s  are asymmetric w i th  a gent le
south/southwest l imbs and a steep no r th /nor theas t  l imbs.
2. There is  a general decrease in s ize o f  channel s t ruc tures
over the c res t  o f  the a n t i c l i n e .  This corresponds to a
th inn ing  o f  beds over the s t ruc tu ra l  high.  In the f i e l d  
th is  is shown by the development o f  th in  bedded and 
condensed fac ies  sequences charac te r iz ing  scour complex
s t ruc tu res  (e.g.  Fig.  74) of ten producing a sequence of
massive chalkstone hor izons. In some seismic p r o f i l e s
(e.g.  Figs.  81C, 81D) those features are presumably shown by 
pronounced c lo se ly  set  r e f l e c t o r  horizons passing over 
a n t i c l i n e s .
In the l a t t e r ,  the dominance of  massive chalkstone horizons 
towards the c res t  of  the a n t i c l i n e  may form an e f fe c t i v e  b a r r ie r  to 
cor rasion g iv ing  r i s e  to prominent down c u t t in g  channel s t ruc tu res .  
This may exp la in  the occurrence o f  shallow and deep channels along the 
upper f lanks  o f  the a n t i c l i n e  which tend to cut  through th ick  s o f t
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chalk bedding in p a r t i c u l a r ,  nannofossi l  mudstones.
Further evidence o f  synsedimentary tec ton ic  a c t i v i t y  in the Haute 
Normandie chalks is  ind ica ted  by the development o f  g r a v i t y - f lo w  
deposi ts ( i . e .  slumped chalks,  mass-flow s o f t  chalks, 
boulder-conglomerates and t u rb id i t e s  - see Chapter 3).  S im i la r  
a l 1ochthonous chalks have been recorded form other  areas of  northwest 
Europe (e.g.  Voigt  & Hantzschel 1964, Drummond 1970, Kennedy 1980, 
Gale 1980, Jarv is  & Woodroff 1981, Mortimore 1983, 1986 a & b, 
Felder e t  al 1985 - see Pomerol & Mortimore 1987 p .137 f o r  review) and 
a t t r i b u te d  to intra-Cretaceous tec ton ic  a c t i v i t y .  Mortimore and 
Pomerol (1987) stated tha t  the " l o c a l i z a t i o n  o f  unusual chalk 
d e p o s i t s . . .  to areas o f  wel l  known tec ton ic  s t ruc tures  provides strong 
c i rcumstant ia l  evidence to support the idea of  Upper Cretaceous 
tec ton ic  movements across the Chalk Plat form o f  Europe". Indeed, the 
evidence in th is  p ro je c t  ind ica tes  a strong synsedimentary-tectonic 
in f luence w i th in  the Haute Normandie region.
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5. DOLOMITIZED AND DEDOLOMITIZED CHALK
5 . A. INTRODUCTION:
Both dolomit ized and dedolomit ized chalks have Been found in  the 
Senonian chalks o f  Northern I re land  (Wolfe 1970) and the 
Turonian/Senonian chalks o f  the Paris Basin (Cayeaux 1935, AuBry 
1972, Kennedy & Ju ignet 1974, Woodroof 1981). Dolomit ized chalk has 
also been descr ibed in the Upper Cretaceous-Ter t ia ry  North Sea chalks 
(e .g .  Schol le 1974 & 1977, Byrd 1975, Lieberkind 1978, Hardman & 
Kennedy 1980, Van den Bark & Thomas 1981, Jorgensen 1983). Very 
l i t t l e  de ta i led  pétrographie or geochemical work has been c a r r ied  out 
on do lomit ized chalks from northern France, es p e c ia l l y  when compared 
w i th  the comprehensive studies o f  the subsurface North Sea do lomit ized 
chalks (e .g .  Jorgensen 1983). The reason f o r  t h i s  i s  poss ib ly  due to 
the f a c t  t h a t  the chalks o f  Haute Normandie conta in  exposures o f  
e s s e n t i a l l y  dedolomit ized chalk ( i . e .  c a l c i t e  a f t e r  dolomite) or 
porous dedolomi t ic  chalks ( i . e .  so lu t ion  voids a f t e r  dedolomite ).  
This is  re f l e c te d  in Cayeaux's (1935 p, 348-350) b r i e f  desc r ip t ion  and 
basic petrographic/geochemical  ana lys is  o f  one outcrop o f  dedolomi t ic 
chalk and dedolostone from the Haute Normandie reg ion,  nor theast  o f  
É t re ta t .
An important aspect o f  the present study has been the discovery 
o f  o r ig in a l  dolomite occur r ing w i th in  a predominant ly dedolomit ized 
chalk sequence along the T i l l e u l  beach coastal  sect ion (F ig .  86). 
This prompted an extensive programme o f  sampling and labora to ry  
ana lys is ,  inc lud ing  l i g h t  microscopsy, cathode luminescence, S.E.M., 
X.R.D and s tab le  isotope ana lys is  (see Appendix IX) .  The main 
ob jec t ive  o f  the present study was to determine the source and mode o f  
do lom i t iza t ion  w i th in  these chalks and i t s  poss ib le  r e la t i o n  to the 
channel-scour complex o f  t h i s  area. A c l a s s i f i c a t i o n  scheme f o r  the 
Haute Normandie dolomit ized and dedolomit ized chalks is  proposed 
together  w i th  in te rp re ta t io n s  o f  the main d iagenet ic  fea tures .
5 .A . i .  C la s s i f i c a t i o n  o f  do lomit ized and dedolomit ized cha lks :
The terms "do lomit ized"  and "dedolomi t ized"  chalks are used in a 
general sense in  t h i s  p ro je c t .  Deta i led pét rographie analys is  
(Appendix IX ) ,  however, o f  over a 100 do lomit ized and dedolomit ized 
chalks co l lec ted  from two coastal c l i f f  t raverses (e.g .  Fig.  85) 
revealed a complex diagenet ic pa t te rn  o f  l a te r a l  and v e r t i c a l  changes
FIG 85: General l o c a l i t y  map showing major coastal c l i f f  sect ions
from which dolomite and dedolomite samples were co l lec ted .  
Key: 1. Northeast T i l l e u l  Plage sample sec t ion .  2.
Northeast É t re ta t  Plage sec t ion .
242
55,24
POINTE
^ O A M O N TENGLISH CHANNEL
eETRETAT
La Manne  
Porter^
Poi nte de 
la Courtine
55,22
rCAP
DANTI FER
•  T illeu l
55,20
•J im ei
•  Theuville
1 km0 . 5
eBRUNEVAL
55,18
2,40
243
in composi tion and tex tu ra l  features.  A f u r t h e r  c l a s s i f i c a t i o n  is 
there fo re  proposed by the present author (based on pétrographie data) 
which subdivides the do lomit ized /dedo lomit ized chalks o f  Haute 
Normandie in to  3 basic rock types:
1. Sucrosic do lom i t ic *  chalks (10-50% dolomite) and dolostones* 
(50-100% dolomite) .
2. Sucrosic dedolomite chalks (10-50% dedolomite) and 
dedolostones(50-100% dedolomite) .
3. Porous do lom i t ic /dedo lom i t ic  chalks (10-50% rhombohedral 
po res ) .
*Terms taken from "do lom i t ic  l imestones" (10-50% dolomite and 
50-90% c a l c i t e )  and "dolostones" (more than 50% dolomite) -see Reigers 
and Hsu (1986)
Within these groups o f  do lomit ized and dedolomit ized chalk,  four  
types o f  rhombohedral form o f  dolomite, c a l c i t e  and/or void were 
recognized. These rhombohedral forms include the fo l low ing :  1.
Dolomite rhombohedra, 2. Dedolomite rhombohedra, 3. Rhombohedral 
pores, 4. Ca lc i te  rhombohedral void i n f i l l s .
Most rhombohedra range from 50 to 200 microns in s ize and e x h ib i t  
euhedral and subhedral geometries w i th  planar compromise 
inter-rhombohedral  boundaries. Anhedral c rys ta ls  occas iona l ly
develop when rhombohedra abut neighbouring allochems (e.g.  echinoderm 
and ske le ta l  phosphate grains) or other  rhombohedra. The abundance 
of  rhombohedra w i th in  dolomit ized and dedolomit ized chalks in both 
hand specimen and th in  sect ion var ies  wide ly  from 10 to 100% (see 
above and Plates 40, 41, 45, 46).
Most o f  the o r ig in a l  do lom it ic  chalk has undergone 
dedolomi t i za t ion and/or d isso lu t ion .  These processes have been
e s s e n t ia l l y  f a b r i c  p ro tec t ive  and have not involved the dest ruc t ion  of  
the rhombohedral o u t l i n e  o f  the o r ig in a l  dolomite c rys ta ls .  
Therefore the i n t e n s i t y  of  the do lom i t iza t ion  w i th in  the chalk can be 
determined by the textural d i s t r i b u t i o n  o f  a l l  types o f  rhombohedral 
fo rm.
The major tex tu ra l  and composi tional features o f  the main three 
groups o f  do lomit ized /dedo lomit ized chalks ( i . e .  1. Sucrosic do lomit ic  
chalks and dolostones. 2. Sucrosic dedolomit ic chalks and
dedolostones. 3. Porous do lom i t ic /dedo lom i t ic  chalks) are described 
be low.
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5 .A. i i . General f i e l d  c h a ra c te r i s t i c s  :
In the f i e l d ,  chalk w i th  a yel low to b r ig h t  orange ferruginous
sta in  ( i . e .  Plates 38, 39) general ly  proves to be e i th e r  dolomit ized
or  dedolomit ized when sect ioned (e.g .  Plates 40, 45). Previous French 
workers (e.g.  Hébert 1875, Cayeaux 1916 & 1935) simply r e fe r  to these
chalks as the 'Craies jaunes'  (yel low cha lks).  The term 'Craies
jaunes'  is  considered inappropr ia te  by the present author because 
confusion may be made w i th  other 'ye l low '  s ta in ing  processes o f  the 
chalk,  such as i ron oxida t ion  in ce r ta in  hardground/chalkstones in
p a r t i c u l a r  assoc ia t ion w i th  sponge r ich  beds (see Chapter 3 . J . ) .
The do lomit ized and dedolomit ized chalks o f  Haute Normandie occur
in surface outcrop a t  several l o c a l i t i e s  along both coastal sections
(e.g.  Bruneval to Les Grandes Dal les,  g . r : ,  2,418-55,185 to
2,032-55,355) and along the River Seine sect ions (e .g .  Bacquevi l le,  
g . r :  2,189-54,987) . Both dolomit ized and dedolomit ized chalks are
best developed w i th in  the Sennevi l le and lower P ie r re-en-Por t  
Formations ( i . e .  E le to t  and Dalles Members). The Craie de Rouen, 
T i l l e u l  and Yport  Formations are v i r t u a l l y  devoid o f  dolomit ized and 
dedolomit ized chalks.
Dolomit ized and dedolomit ized chalks show loca l ized  diagenet ic 
replacement o f  s o f t  whi te chalks (e .g.  nannofossi l  mudstones and 
echinoderm wackestones/packstones) at  the base and margins o f  
smal l -sca le  channel s t ruc tures  (e.g.  Plate 38A - 38C). Most
dolomit ized and dedolomit ized chalks occur sandwiched between 
prominent chalkstone horizons (Plate 38B - 38C) and t y p i c a l l y  show 
replacement o f  the echinoderm wackestone surrounding chalk nodules or 
w i th in  burrow s t ruc tu res  penetrat ing massive chalkstones (e.g.  Plate 
38C).
A typ ica l  l a te ra l  t r a n s i t i o n  may be observed from dedolostone 
in to  pervas ive ly  dedolomit ized chalks and f i n a l l y  unaltered chalk 
occurr ing at  channel margins and passing in to  in ter-channel  areas 
(Pla te 38A). A s im i l a r  but v e r t i c a l  decrease in dedolomitized chalk 
occurs at  the base o f  channel s t ruc tures  (Plate 38C) or immediately 
above basal channel hardgrounds (Pla te 38B).
Many do lomit ized and dedolomit ized chalks replace nannofossi l  
mudstones/echinoderm wackestones w i th in  slumped chalks (Plates 38D, 
39A*) and boulder-conglomerates (Plate 39B). Sharply def ined
boundaries may e x i s t  between dedolomit ized chalks and adjacent 
unaltered chalk at  the margins o f  debris f low boulder-conglomerates
PLATE 38:
38A Dedolomit ized chalks (DD) interbedded w i th  nannofossi l  mudstones 
(N M) and echinoderm wackestones (EW) occur r ing  w i t h in  the margin 
o f  a channel s t ruc tu re  along nor theast  É t re ta t  Plage ( g . r :  
2,369-55,235).  Note: dedolomi t ized chalks show la te r a l
t r a n s i t i o n  in to  s o f t  wh i te  nannofossi l  mudstone from l e f t  to  
r i g h t .
388 A l te rn a t in g  do lomit ized (D), dedolomi t ized (DD) and chalkstone 
hor izons (CH), along the margin o f  a la rge scale channel 
s t ru c tu re ,  nor theast T i l l e u l  Plage ( g . r :  2,395-55,219).  Scale: 
hammer handle (30cm le ng th ) .
38C Dedolomit ized chalks (DD) p r e f e r e n t i a l l y  rep lac ing  echinoderm 
wackestone beds a t  the base o f  a small channel s t ru c tu re ,  along 
nor theast É t r e ta t  Plage ( g . r :  2,370-55,234).
38D Basal dedolomit ized chalk hor izon (DD) and a dedolomit ized chalk 
slump f o l d  s t ruc tu re  (DDS) occurr ing  a t  the base o f  a shal low 
channel s t ru c tu re ,  nor theas t  É t re ta t  Plage ( g . r :  2,368-55,236).
Scale: hammer handle (30cm leng th ) .
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PLATE 39:
39A Dedolomit ized fo lded slumped chalks (DSC) beneath a 
boulder-conglomerate (BC) a t  the margin o f  a channel s t ruc tu re ,  
northeast É t r e ta t  Plage ( g . r :  2,369-55,234).
39B Dedolomitized boulder-conglomerate (DB-C) from Porte d'Amont, 
nor theast É t re ta t  ( g . r :  2,367-55,239),  showing the p a r t i a l
dedo lom i t iza t ion  o f  chalkstone blocks (CB). Note: the sharp 
boundary (b) between the dedolomit ized boulder-conglomerate and 
adjacent chalks.  Scale bar:  30cm.
390 A l te rn a t in g  . sequence o f  dedolomit ized chalks (DD) and 
chalkstones, displaced by a prominent normal f a u l t  (NF), along 
northeast T i l l e u l  Plage ( g . r :  2,395-55,219).  Fau l t  brecc ia (FB) 
is  shown composed o f  c la s ts  o f  f ra c tu re d  f l i n t ,  chalkstone and 
dedolomit ized chalk.  Note: f l i n t  (FL) enclosing and rep lac ing
dolomit ized chalk m a tr ix .
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(P late 39B*) and slumped chalks (Plate 38D). More de ta i led  accounts 
o f  the f i e l d  c h a ra c te r i s t i c s  are given in the fo l low ing  descr ip t ions 
o f  dolomit ized and dedolomit ized chalks.
*  Plate 39A was also f igu red  by Kennedy and Juignet (1974 - Figs. 24, 
31).
5.B. SUCROSIC DOLOMITIC CHALKS AND DOLOSTONES:
Sucrosic do lom i t ic  chalks and dolostones are ra re ly  preserved and 
have only been found at  one sea c l i f f  l o c a l i t y  (e.g.  Fig.  86) w i th in  a 
small cove along T i l l e u l  Plage, northeast o f  Valleuse d 'A n t i f e r  ( g . r :  
2,395-55,219).  Do lomit iza t ion o f  the s o f t  chalk at  t h is  l o c a l i t y
occurs w i th in  echinoderm wackestones, nannofossi l  mudstones, 
marly-chalks and the s o f t  chalk matr ix o f  boulder-conglomerates which 
are located on the margin o f  a channel s t ruc tu re  w i th in  the 
P ie r re -en -Por t  Formation. Sucrosic do lomit ic  chalks and dolostones are 
charac ter ized by la te ra l  and v e r t i c a l  gradat ional  t r a n s i t io n s  in to  
sucrosic dedolomi t ic chalks,  sucrosic dedolostones and porous
do lom i t ic  chalks (F ig .  86B).
In the f i e l d ,  sucrosic do lomit ic  chalks and dedolostones are 
t y p i c a l l y  s o f t  and f r i a b l e  ex h ib i t in g  a sandy ye l low colour ,  
occas iona l ly  speckled w i th  small black dendr i tes o f  manganese dioxide.  
Rel ics o f  burrow mott les  and sharply def ined so lu t ion  seam fab r ics  are 
conspicuous features in some sucrosic do lom i t ic  chalks.
5 . B. i . General Petrography
Sucrosic do lom i t ic  chalks and dolostones are made up o f  between 
10% and 95% dolomite c rys ta ls  and rhombohedral pores (e.g.  Plates 40 - 
41) w i th  rare occurrences of  dedolomite (Plate 40E - 40G) and
s i l i ceous  rhombohedra (Plate 40H - 40F). Sucrosic dolomite
rhombohedra are usua l l y  not preserved w i th in  the ea r ly  cemented chalk 
o f  adjacent chalkstone hor izons. However, some nodular chalks and 
chal kstones may show marginal replacement w i th  up to 10% do lom it ic  
replacement o f  the l i t h i f i e d  chalk.  Both burrow and sponge f l i n t s  
show replacement o f  the do lomit ic  chalk or dolostone matr ix 
occas iona l ly  preserving inner ,  empty, f l i n t - c o r e  regions of
u n s i l i c i f i e d  sucrosic dolomite.  However, w i th in  the f l i n t  cortex both 
s i l i c i f i e d  dolomite c rys ta ls  and rhombohedral pores may show only up 
to 15% replacement o f  the chalk matr ix whereas the matr ix  surrounding 
the f l i n t  may comprise o f  dolostone with 50-100% dolomite rhombohedra.
FIG 86: (A) F ie ld  photograph o f  do lom i t ic  chalks and dolostones along
the margin o f  a channel s t r u c tu r e ,  nor theast Valleuse 
d 'A n t i f e r ,
(B) Sketch sec t ion  o f  the c o a s t l i n e  nor theast  o f  Valleuse 
d 'A n t i f e r  along the margin o f  a channel s t ru c tu re .  Diagram 
shows the la t e r a l  t r a n s i t i o n  o f  do lom i t ic  chalk /dolostone 
(crosses) in to  dedolostone, dedo lomi t i c  chalk and porous 
d o lo m i t ic  cha lks .  Key: nannofossi l  chalkstone (NC),
nannofossi l  mudstone (NM), echinoderm wackestone (EW), 
bryozoan wackestone (BW), echinoderm chalkstone (EC), sponge 
chalkstone (SC), and boulder-conglomerate (BCN).
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PLATE 40:
40A Photomicrograph (cross po la r ized  l i g h t )  showing a general view o f  
an I d lo to p i c  do lomite f a b r i c .  Note: Ind iv idua l  dolomite
c rys ta ls  are zoned and show p r e fe re n t i a l  d is s o lu t i o n  o f  the 
second Inner zone (b lack areas).  Scale bar: 500 pm. (sample: 
SL3, log:  T4D).
40B S.E.M. Photomicrograph showing a zoned dolomite c rys ta l  w i th  
p a r t i a l l y  d isso lved cen t ra l  core region revea l ing  an "etched" 
m ic ro fab r ic .  Scale bar: 10 pm. (sample: 140, log:  T4D).
400 S.E.M. Photomicrograph o f  close up region o f  a zoned dolomite 
c rys ta l  d isp lay ing  p a r t i a l  d i s s o lu t i o n  (D) o f  Inner zones and
core reg ion. Scale bar:  10 pm. (sample: T40, lo g :  T4D).
400 S.E.M. Photomicrograph o f  a zoned dolomite c ry s ta l  w i th  corroded 
Inner hol low zone and p i t t e d  core.  Scale bar: 10 pm. (sample: 
140, log:  T4D).
40E Photomicrograph o f  echinoderm (E) gra ins  In sucros ic  dolostone 
showing marginal Impingement by dolomite rhombohedra. Note: 
monocrys ta l l ine  dedolomite (MD) are preserved In one echinoderm 
g ra in .  Scale bar: 500 pm. (sample: SL3A, log:  T4D).
40F Photomicrograph o f  an echinoderm packstone showing two echinoderm 
gra in  (E) w i th  syn tax la l  overgrowths (SO). Note: dedolomite 
rhombohedra (D) Is  p o l k l l o t o p l c a l l y  enclosed by a syntax la l  
overgrowth. Scale bar:  500 pm. (sample: SL2B, log:  14).
40G Photomicrograph o f  an echinoderm gra in (E) containing 
monocrys ta l l ine  dedolomite rhombohedra (MD). Scale bar: 500
pm. (sample: SLID, log:  T4D).
40H S.E.M. Photomicrograph showing a general f i e l d  o f  view o f  
s i l i c i f i e d  rhombohedra (SR) w i th in  a f l i n t  (composit ion 
determined by probe).  Scale bar: 100 pm.
401 S.E.M. Photomicrograph: Close up o f  a s i l i c i f i e d  dolomite
rhombohedra (shown In 40H) showing f i n e  preserva t ion  o f  r e l i c
dolomite zones and hol low zones. Scale bar: 100 pm.
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Ind iv idua l  dolomite rhombohedra are 50 to 250 micron euhedral 
c r y s ta l s  conta in ing  prominent rhombohedral cleavages and hol low zones 
or cores (P la te 40A - 400). In plane po la r ized 4 ig h t ,  th in  5-25 
micron dolomite outer  zones are usua l l y  o p t i c a l l y  c lea r  but th ic k e r  
25-85 micron inner  core regions are dusty in appearance (e.g.  Plate 
41B - 41C). In cross polar ized l i g h t  ind iv idua l  dolomite c rys ta ls
show op t ica l  c o n t in u i t y  between the core and zone layers (Plate 40A). 
Many dolomite core (Pla te 40B) and zone regions (Pla te 40A, 400 - 400) 
d isp lay  se lec t i ve  or complete d isso lu t ion  producing hol low areas 
w i th in  the c r y s ta l .  Under the S.E.M., hol low zones t y p i c a l l y  e x h ib i t  
i r r e g u la r  co r ros ive  margins (Plate 400). In add i t ion ,  so lu t ion  
etched c rys ta l  faces o f  some dolomite rhombohedra reveal rhombic 
growth laye r ing  w i th in  the c rys ta l  s t ruc tu re  (P late 40B). 
A l t e r n a t i v e l y ,  dolomite c rys ta ls  may completely d isso lve out forming 
rhombohedral pores (Plates 41B, 50A - see Section 5 . D . i . ) .
Sucrosic dolomite c rys ta ls  have an average major cat ion  
composi tion o f  Ca5^ Mg^^(see Appendix IX f o r  X.R.D. and e lec tron 
microprobe ana lys is ) .  Electron microprobe traverses o f
zoned-dolomite rhombohedra reveal a more or less uni form major cat ion 
composi tion from the core to the outer zone . The core regions o f  
some dolomite c r y s ta l s  contain small detectable amounts o f  s i l i c a  (up 
to 4% S i ) .  The i n t e r s t i t i a l  chalk matr ix  o f  sucrosic do lom it ic
chalks and dolostones record typ ica l  low magnesium c a l c i t e  readings 
(e.g.  CaçgMg.,). Cathode luminescence o f  sucrosic dolomite
rhombohedra (e.g.  Plate 42B, 42D) reveals an a l te rn a t io n  o f  up to
three th in  (5 to 10 micron) b r ig h t  orange zones. Thicker (10-85 
micron) dul l  orange luminescence zones also occur in dolomite 
rhombohedra and matches the "dusty" regions o f  the crys ta l  (e.g.  Plate 
42A - 42B). The chalk matr ix  between the dolomite rhombohedra shows a 
dominant homogenous red luminescence (Plate 42B, 420).
In th in  sect ion ,  sucrosic do lom it ic  chalks o f  nannofossi l  
mudstones of ten show dolomite c rys ta l  replacement o f  m ic ro foss i l  
debris (P late 41B) but reveal only marginal replacement o f  subordinate 
macrofossi l  g ra ins ,  such as inoceramids (Plate 41C) and echinoderms 
(Plate 410). Intense replacement o f  nannofossi l  mudstones, (e.g.
Plate 41E - 41F), resu l ts  in the p a r t ia l  o b l i t e r a t i o n  o f  primary
fab r ic s  and ske le ta l  allochems. In echinoderm wackestones and
packs tones, the f i n e  mi c r i t i c  chalk matr ix  is  read i ly  replaced (Plate
PLATE 41:
41A Photomicrograph showing a general view of dispersed sucrosic 
dolomite c rys ta ls  (D) w i th in  a nannofossil mudstone. Scale bar: 
500 pm. (sample: SL2B, log: T4).
41B Photomicrograph: Close up o f  sucrosic dolomite rhombohedra
showing replacement o f  m i c r i t i c  matr ix and m ic ro foss i ls .  Note: 
rhombohedral pores (R) in centre. Scale bar: 500 pm. (sample: 
SL3B, log: T4D).
41C Photomicrograph showing inoceramid grains ( I )  w ith  dolomite 
impingement along both inner and outer margins o f the pr ismatic 
layer.  Scale bar: 500 pm. (sample: SL3C, log: T4D).
410 Photomicrograph: Close up o f  echinoderm (E) grain showing
marginal impingement by dolomite c rys ta ls .  Scale bar: 500 pm. 
(sample: SL3B, log: T4D).
41E Photomicrograph o f  a sucrosic dolostone showing pre fe ren t ia l
replacement of the m i c r i t i c  matr ix and p a r t ia l  marginal 
replacem ent of a bryozoan grain (BY). Scale bar: 500 pm. 
(sample: SL3C, log: T4D).
41F Photomicrograph of a nannofossi l mudstone showing extensive
replacement by a sucrosic dolomite c rys ta ls .  Scale: 500 pm. 
(sample: T40, log: T4D).
41G Photomicrograph o f an echinoderm packstone showing p re fe ren t ia l
replacement of the m i c r i t i c  matr ix with l i t t l e  replacement o f  
echinoderm (E) and bryozoan (B) grains. Scale bar: 500 pm.
(sample: SLID, log: T4D).
41H Photomicrograph showing the general view of  an echinoderm
packstone replaced by a sucrosic dolomite c rys ta ls .  Note: 
serpul id tube (S) shows marginal dolomite impingement with  most 
crys ta l  replacement of the m ic r i te  i n f i l l i n g  the tubu la r  cav ity .  
Scale bar: 500 pm. (sample: SLID, log: T4D).
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PLATE 42:
42A Photomicrograph (plane polar ized l i g h t )  of dolostone showing
numerous dolomite rhombohedra with  i n t e r s t i t i a l  chalk matrix 
(brown colour) .  Scale bar: 500pm. (sample: SL3A, log: T4D).
42B Photomicrograph (under cathodoluminescence) o f same f i e l d  of view
shown in photomicrograph (A). Dolomite rhombohedra show th in
br igh t  orange zones and th ick  du l l  orange zones. Scale bar:
500pm. (sample: SL3A, log: T4D).
42C Photomicrograph (plane polar ized l i g h t )  o f dolostone showing
dolomite rhombohedra, rhombohedral pores (white areas) and 
i n t e r s t i t i a l  chalk matr ix (dark brown). Scale bar: 500pm.
(sample: SLIE, log: T4D).
420 Photomicrograph (under cathodoluminescence) o f  same f i e l d  of view 
shown in photomicrograph (B) showing dolomite rhombohedra with
th in  b r igh t  orange zones and th ick  dul l  orange zones. The chalk
matrix shows a homogenous dul l  orange colour with occasional 
specks o f  b r igh t  orange luminescence. Scale bar: 500pm. (sample: 
SLIE, log: T4D).
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41G - 41H). Individual bryozoan (Plate 41G) and serpul id tube
(Plate 41H) grains usual ly show only marginal replacement by dolomite 
rhombohedra which appear to "grow" out of the adjacent chalk matrix. 
S im i la r ly ,  echinoderm grains also show marginal dolomite 
re c ry s ta l l i z a t io n  (Plates 40E, 41D) with few crysta ls  occurring with in  
the central  stereom regions of echinoderm grains. In contrast,  
dolomite rhombohedra show no evidence of replacement of echinoderm 
syntaxial  overgrowths. Where dolomite crysta ls  abut syntaxial  
overgrowths of echinoderm grains anhedral crystal  margins develop.
Some sucrosic dolomit ic chalks and dolostones contain local ized 
occurrences of monocrystal l ine or po lyc rys ta l l ine  dedolomite (ca lc i te )  
rhombohedra in close association with p a r t i a l l y  replaced echinoderm 
grains. Monocrystal l ine forms of dedolomite are most frequent (Plate 
40G) being ch a ra c te r is t i ca l l y  o p t i c a l l y  clear  showing no ind icat ion  of 
former dolomite zones or rhombohedral cleavage. Po lycrys ta l l ine
dedolomite crys ta ls  are rare (e.g. Plate 40F) preserved with in  
embayments and margins of syntaxial  overgrowths and exh ib i t
in t r a c ry s ta l l i n e  'ghost' zones of the former dolomite c rys ta l .  Both 
mono and po lyc rys ta l l ine  dedolomite crys ta ls  were dist inguished from 
the surrounding sucrosic dolomite crys ta ls  by both sta in ing and
microprobe (e.g. Ca^ç.^gMg.,_2 ). Dedolomite crysta ls  are described in 
greater deta i l  in the fol lowing section ( i . e .  Section S .C . i . ) .
Discussion of the or ig in  of the dolomitized chalks is given at 
the end of th is  chapter as the evidence also includes aspects of the 
occurrence of dedolomitized and porous dolomit ic /dedolomit ic chalks.
5 .B. i i . Stable isotope analysis.
In addit ion to a general pétrographie study, an oxygen and carbon 
stable isotope analysis was carr ied out on whole rock samples of 
sucrosic dolomit ic chalk/dolostone together with samples of 
nannofossil mudstone, echinoderm wackestone, nannofossil chalkstone, 
sponge chalkstone and echinoderm chalkstone (Figs. 87, 88). Because 
of the small size of the dolomite crysta ls  the sucrosic dolomit ic 
chalk and dolostone samples were analysed as bulk samples with the 
dolomite content ranging from 11-91% (Fig. 87A). Whole rock analysis 
were used in the preparation with the aim that the spread of the 
mineralogical compositions w i l l  define the isotopic compositions of 
the chalk/dolomite end members (see Appendix IX fo r  analyt ica l  
methods).
FIG 87: (A) Isotopic  composition and percent dolomite in sucrosic
dolomit ic  chalks and dolostones.
(B) Isotopic  composition of nannofossil mudstones and
echinoderm wackestones.
(C) Isotopic composition o f  nannofossil chalkstones, sponge
chalkstones and echinoderm chalkstones.
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(A)
SAMPLES SAMPLE No. LOG % DOLOMITE 813C 8i*o
Dolomitic chalk SLla T4D 11% -0.25 -0.91
Dolostone SL3b T4D 52% 0.93 -2.32
Dolostone SL3c T4D 59% -0.61 -2.48
Dolostone SL3d T4D 74% 0.49 -2.49
Dolostone sub T4D 91% 0.79 -1.87
(B)
FACIES SAMPLES SAMPLE No. LOG
Nannofossil Mudstone T23 T4
Nannofossil Mudstone T32 T4
Nannofossil Mudstone T26 T4
Echinoderm Wackestone T39 T5
Echinoderm Wackestone TA6 T6
Echinoderm Wackestone T6Ü T7
813c
1.03
1.08
0.15
1.23
0.83
1.68
81*0 
-3.08 
-2.74
-3.40
-2.32
-3.18
-2.28
(C)
FACIES SAMPLES SAMPLE No. LOG
Nannofossil Chalkstone T30 T4
Nannofossil Chalkstone T35 T5
Sponge Chalkstone T22J T3
Sponge Chalkstone T22M T3
Echinoderm Chalkstone SL4b T4
Echinoderm Chalkstone SL4d T4
&13c
1.04
0.19
1.14
0.92
1.28
0.42
6i*o
-2.56
-2.98
-3.73
-2.36
-1.67
-3.74
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The results of the stable isotope analyses of the sucrosic 
dolomit ic chalk/dolostones are given in f igure  87. In the sucrosic 
dolomit ic chalk/ dolostones the range of is  - 0 . 6  to Q.93%o and
is - 2 . 4 9  to -0.91 %o - The nannofossil mudstone and echinoderm
wackestone samples show the range of from 0.15 to 1.68%o and 8/^0
from - 2 . 2 8  to -3.4%* . F ina l ly ,  the nannofossil chalkstone,
echinoderm chalkstone and sponge chalkstone show ranging from 0.42  
to i.28%0 and 6^ 0^ ranging from - 1 . 6 7  to -3.74%o. The isotopic
composition of the sucrosic dolomite samples, therefore show ÿ t  values
s l i g h t l y  lower than that fo r  so f t  chalks and chalkstones. The & 0 of
sucrosic dolomites, however, show an extrapolat ion to end members
giving a of -3.0%, - th is  agrees with that of the pure chalk
samples not associated with the dolomite (Fig. 87B).  This gives the 
extrapolated 6 0 value fo r  the dolomite end member of about -1.8%,. 
Therefore, the di f ference in the ÿ 0 between dolomite and ca lc i te  (A 
DOL-CAL  ^ is about 1.2%, . The acid f rac t ionat ion  factors (e.g.
Friedman & O'Niel 1977) fo r  dolomite and ca lc i te  in the analyt ica l
procedure are:c<QQ_^^^ = 1.01025 and = 1.01110.  Calculations
show that th is  accounts fo r  about 0.85 of ^ooL-CAL' Hence, the 
di f ference between the extrapolated dolomite composition and that of 
the chalk is less than 0.4%o.
Figure 88B i l l u s t r a te s  the re la t ionsh ip  between the stable 
isotope composition of nannofossil mudstones and echinoderm 
wackestones from the Haute Normandie chalks with other Cretaceous 
chalks and sediments. This shows that the stable isotope readings of 
the Haute Normandie chalks generally p lo t  w ith in  the same f i e l d  of 
readings of southern England chalks (Scholle 1977) and deep sea 
Cretaceous sediments (e.g. Veizer & Hoefs 1976) .  The isotopic 
composition of the nannofossi l, echinoderm and sponge chalkstones are 
very s im i la r  to the nannofossil mudstone and echinoderm wackestone 
samples (Fig. 8 8 A ) . Taking into account the ident ica l  pure low 
magnesium ca lc i te  composition and stable isotope values fo r  both so f t  
chalks and chalkstones, th is  suggests that chalkstone formation took 
place under the same temperature and f l u i d  composition as that of the 
chalk.
Discussion of the isotopic composition of dolomit ic chal k/dol ostones 
is given at the end of the chapter ( i . e .  Sections 5 .E . Ü . ,  5 . E . i i i . ) .
FIG 88: (A) Graph showing oxygen and carbon isotope composition of
the Haute Normandie samples ( th i s  pro ject)  compared with the 
isotop ic  composition o f  North Sea samples (Jorgensen 1983).
(B) Graph showing the oxygen and carbon isotop ic  composition 
o f the Haute Normandie so f t  chalk samples ( i . e .  nannofossil 
mudstones and echinoderm wackestones) compared with  other 
chalk isotope analyses (most o f  these are nannofossil 
mudstones- except possibly the Danish chalks which may be 
bryozoan wackestones-packstones). Reference to analyses: 
Southern England, Yorkshire, North Sea - Ekofisk, Denmark 
(Scholle 1974), North Sea - Central Graben (Jorgensen 1983), 
northern France-Haute Normandie ( th i s  p ro je c t ) ,  Cretaceous 
deep sea chalks (Veizer & Hoefs 1976).
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5.C.  SUCROSIC DEDOLOMITIC CHALKS AND DEDOLOSTONES
Sucrosic dedolomitic chalks and dedolostones occur at a number of 
coastal Haute Normandie l o c a l i t i e s  w ith in  the Sennevil le and
Pierre-en-Port Formations ( i . e .  T i l l e u l  to Yport, g . r :  2,395-55,218 to
2,256-55,268) but were not found preserved w i th in  chalk sequences from 
inland exposures along the River Seine (e.g. Bacquevi l le, g.V: 
2,189-54,987). Most sucrosic dedolomitic chalks and dedolostones
occur w ith in  nannofossil mudstones and echinoderm 
wackestones/packstones interbedded with chalkstone horizons at the
base and margins of channel structures (e.g. Plates 43A - 438, 44A). 
Dedolomitic chalks and dedolostones usual ly display a gradual la tera l  
and ver t ica l  t rans i t ion  into porous dedolomit ic/dolomit ic chalks 
(Plate 438), sucrosic dolomit ic chalks and dolostones (Fig. 86, Plate 
388). Dedolomitized chalk also occurs w i th in  slumps characterized by 
sharp or d i f fuse boundaries adjacent to unaltered so f t  white chalks 
(Plate 38D).
Sucrosic dedolomitic chalks and dedolostones are characterized by 
b r igh t  orange coloured stains (e.g. Plate 448 - 44C) and numerous
0.5-1.5 mm black specks of dendr i t ic  manganese dioxide. Weathered 
sucrosic dedolomitic chalk and dedolostone samples reveal extensive 
development of porous patches which may produce i r regu la r  (Plate 43C) 
or bedding paral le l  (Plate 43D) fabr ics. In the f i e ld  large
cavernous structures (Plate 44A) are usual ly associated with 
dedolomitized chalks occurring at or close to beach leve l .
5 .C. i . General petrography:
Sucrosic dedolomitic chalks and dedolostones are made up of a
var ie ty  of complex compositional and textural  in te r -  and
in t ra c ry s ta l l i n e  features. Most sucrosic dedolomitic chalks and
dedolostones are composed of discrete 80 to 250 micron po lycrys ta l l ine
rhombohedra containing a mosaic of anhedral ca lc i te  crysta ls .
Individual dedolomite rhombohedra are almost e n t i re ly  composed of low 
magnesium ca lc i te ,  corresponding to a cation composition of C a M g  
(X.R.D. and electron microprobe analysis - see Appendix IX).
However, some dedolomite rhombohedra may contain up to 10% dolomite 
(Cagg  ^ Mg^ ^^COg) which are preserved as corroded crystal  patches within  
dedolomite rhombohedra (Plate 45C).
The anhedral sparry mosaics composing individual dedolomite
rhombohedra display charac ter is t ic  var ia t ions in the size and
PLATE 43:
43A Sucrosic dedolomitic chalks (DDC), sucosic dedolostones (DDS) 
interbedded with chalkstone (CH) horizons along the margin o f  a 
channel s truc tu re , northeast T i l l e u l  Plage (g . r :  2,395-55,219).
Note: bedding para l le l  fa b r i c  ( f )  preserved w i th in  the dolostone
horizon. Scale: hammer handle (30 cm length) .
43B Sucrosic dedolomitic chalks (DO) replacing echinoderm wackestone 
beds at base of a shallow channel, northeast E t re ta t  Plage (g . r :  
2,370-55,234). Note: the t r a n s i t i o n  o f  sucrosic dedolomit ic
chalks (DO) in to  adjacent porous dedolomit ic chalks (PD).
430 Slabbed sample (embedded in Plaster o f  Paris) of sucrosic
dedolostone displaying a fa b r ic  o f  i r re g u la r  so lu t ion voids (SV). 
Black specks are manganese d ioxide. Scale bar: 10mm. (sample: 
T43, log: T6).
430 Slabbed sample (embedded in Plaster  o f  Paris) o f sucrosic
dedolostone showing a bedding p a ra l le l  so lu t ion network ( l i g h t  
co lour) .  Black specks are manganese dioxide. Scale bar: 10mm. 
(sample: T42, log: T6).
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PLATE 44:
44A Cavernous sucrosic dedolomit ic chalks (DD) and dedolostones (DS) 
formed w i th in  the matr ix o f  boulder-conglomerates (BC)
interbedded with chalkstone horizons (CH) at the base of a 
shallow channel, northeast T i l l e u l  Plage (g . r :  2,395-55,219). 
Note: f a u l t  (F). Scale: hammer handle (30 cm length).
44B Well developed sucrosic dedolostones replacing echinoderm
mudstone-wackestones, southwest E t re ta t .  Note: Burrow f l i n t s
(FL) enclosing and incorporat ing patches o f  dedolostone. Scale: 
Pen kn ife  (8cm length).
44C Slabbed sample (pol ished) o f  sucrosic dedolostone and brecciated
f l i n t  (BFL). Black specks are manganese dioxide. Note: f a i n t  
orange speckled appearance to white f l i n t  r ind (FR). Scale bar:
10mm. (sample: ADF, log: A3).
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arrangement of mosaic ca lc i te  c rys ta ls .  In general, sucrosic
dedolomitized chalks (e.g. Plate 45) produce equicrystal  1i ne to 
polycrystal  1ine mosaics composed of small 5 to 35 micron ca lc i te  
c rys ta ls  (e.g. Plate 45E). In both l i g h t  microscopy and S.E.M. view, 
dedolomite rhombohedra show a va r ie ty  of poor to well defined 
rhombohedral zoning. Luminoscope examination of many sucrosic
dedolomit ic chalks and dedolostones reveals well defined zoning of non 
luminescing (black) and luminescing (dul l  red or b r igh t  orange) bands 
(Plates 47B - 47C) of ca lc i te .
In plane polar ized l i g h t ,  brown coloured patches or zones of i ron 
oxide occur w i th in  some dedolomite rhombohedra (Plates 45A, 45H, 46B, 
47A, 50F). However, the iron content w ith in  these dedolomite
rhombohedra was not detected by e i the r  potassium ferr icyan ide sta in ing 
or electron probe. The reason fo r  th is  can possibly be explained by 
the complex in t r a c ry s ta l l i n e  occurrence of i ron producing i n t r i c a te  
intergrowths o f  goeth i te-hemati te -calci  te w ith in  the dedolomite 
c rysta ls  (e.g. Frank 1981, p. 12). Simi lar examples are seen under 
S.E.M. (Plate 45B) which indicate that these zones are composed of 
i ron oxide. Goethite prisms or pr ismatic bundles occurring with in  
chalk matr ix pores o f  sucrosic dedolomites (Plate 45J) are the most 
common iron oxide components.
Well preserved rhombohedral dedolomite zones (e.g. Plate 45E) are 
usual ly associated with sucrosic dedolostones. These dedolomites 
reveal 5 to 120 micron size anhedral mosaic crys ta ls  occasional ly 
showing a marked decrease in crystal  size (3 to 15 microns) associated 
with rhombohedral zone and core regions (Plate 45E). Thin i ron oxide 
zones ranging from 5 to 15 microns in diameter may vary between 1 and 
5 in number and usual ly form continuous rhombohedral zones w i th in  the 
dedolomite c rys ta l .
Many sucrosic dedolomitic chalks and dedolostones have a 
"c lo t ted "  or "pseudo grumeleuse" fab r ic  resu lt ing  from extensive 
neomorphism of the chalk matr ix (e.g. Plate 46A) and/or the crystal  
mosaics o f  ind iv idua l  dedolomite rhombohedra (Plate 45G - 451).
Sucrosic dedolomitic chalks (e.g. Plate 45C) often preserve a chalk 
matr ix with dominant coccol i th  debris containing l i t t l e  secondary 
neomorphic spar (e.g. Plate 45D). However, sucrosic dedolostones 
frequently  occur w i th in  a microspar resu lt ing  from the 
re c ry s ta l l i z a t io n  of the chalk matrix (Plate 45E -45F). Further 
neomorphism of sucrosic dedolomit ic chalks and dedolostones produces
PLATE 45:
45A Photomicrograph: Sucrosic dedolomite rhombohedra replacing chalk
matr ix between bryozoan (BY) grains. Scale bar: 500 pm.
(sample: E27B, log: E3).
45B S.E.M. photomicrograph: Dedolomite rhombohedron containing an
i r reg u la r  i ron oxide zone (FR). Scale bar: 10 pm. (sample: 
T24A, log: T4).
450 S.E.M. photomicrograph: Dedolomite rhombohedron with  r e l i c  o f
dolomite crys ta l  in centre ( i d e n t i f i e d  by probe). Scale bar: 
10 pm. (sample: T24A, log: T4).
45D S.E.M. photomicrograph: Margin o f dedolomite rhombohedron (D)
surrounded by chalk matr ix (M) composed of nannofossi l debris 
with l i t t l e  secondary spar. Scale bar: 10 pm. (sample: T24A,
log: T4).
45E S.E.M. photomicrograph: Zoned dedolomite rhombohedron composed
of polycrystal  1ine c a lc i te  c rys ta ls .  Scale bar: 10 pm.
(sample: S17, log: E2).
45F S.E.M. photomicrograph: Margin o f  dedolomite rhombohedron (D)
and matr ix (M). Note: matr ix is  extensively  re c ry s ta l l i z e d  in to  
microspar. Scale bar: 10 pm. (sample: S17, log: E2).
45G Photomicrograph: Rhombic c lo t ted  texture  showing rhombic sparry
c lusters o f  c rys ta ls .  Note: some polycrystal  1ine rhombohedra
(R) show remnant zoning. Scale bar: 500 pm. (sample: E68,
log: ElO).
45H Photomicrograph: Sucrosic dedolomitic chalk showing patchy
rhombic c lo t te d  (RC) textu re  and neomorphic microspar. Note: the 
polycrystal  1ine dedolomite rhombohedron (PD) l e f t  o f  centre
showing p a r t ia l  c l o t t i n g .  Scale bar: 500 pm. (sample: T42,
log: T6) .
451 S.E.M. photmicrograph: View o f  rhombic c lo t ted  textu re  showing
dedolomite rhombohedra composed o f 10-80 micron size anhedral 
ca lc i te  c rys ta ls .  Scale bar: 10 pm. (sample: T49, log: T6).
45J S.E.M. photomicrograph: View o f  matr ix showing neomorphic
ca lc i te  spar c rys ta ls  interspersed with prisms and prism clusters  
of goeth i te (G). Scale bar: 1 pm. (sample: T49, log: T6).
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two types of rec rys ta l l i zed  fab r ic ,  which display the fol lowing 
features :
1. Rhombic c lo t ted  textures:
Rhombic c lo t ted  textures are often loca l ized, occurring in lenses 
or zones of sucrosic dedolomitized chalk (e.g. Plate 44A) closely 
associated with small fa u l ts  and fractures cross cutt ing  the c l i f f  
face along the T i l l e u l -E t re ta t  coast l ine (g . r :  2,395-55,218 to
2,367-55,239).
Rhombic c lo t ted  textures generally develop in sucrosic 
dedolostones. Ind iv id  ual polycrystal  1ine rhombohedra are composed 
of coarse c a lc i te  mosaics cons t i tu t ing  of 10-200 micron size anhedral 
c a lc i te  c rys ta ls .  Dedolomite rhombohedra composed of large anhedral 
c rys ta ls  (e.g. Plate 45G, 451) usual ly show destruct ion of internal 
zones and cores. In contrast,  polycrystal  1ine rhombohedra made up of
mosaics of many smaller anhedral c rys ta ls ,  often preserve former
i n t r a c ry s ta l l i n e  fabr ics  (Plate 45E, 45H). In a l l  rhombic c lo t ted 
textures luminescence (b r igh t  orange or dul l  red) is not defined as 
zoned bands but has an i r reg u la r  dispersed speckled d is t r ib u t io n .
The i n t e r s t i t i a l  matrix of rhombic c lo t ted  textures is  mainly 
composed o f  r e l i c  m ic r i te  and patches of neomorphic spar (Plate 45G). 
The margins of ind iv idua l  rhombohedra may form d if fuse boundaries with 
adjacent coarse grained microspar matr ix. Goethite microspherul i tes 
(1 to 1.5 microns diameter) may occur scattered between the crysta ls  
of microspar (Plate 45J).
2. Coarse spar c lo t ted  textures:
Coarse-spar c lo t ted  textures of sucrosic dedolomitized chalk are 
rare fabr ics  and have been found only w ith in  one dedolostone sequence 
associated with  slump bedding along the margin of a channel s tructure , 
northeast o f E t re ta t  (g . r :  2,369-55,235).
Coarse spar c lo t ted  textures are mainly composed of subequant to 
i r reg u la r  shaped, 50-500 micron, ca lc i te  crysta ls  surrounded by 
patches o f  id io to p ic  dedolomite rhombohedra (e.g. Plate 46A). The 
coarse spar c rys ta ls  display i r regu la r  to planar in te rc ry s ta l l i n e  
margins and t y p i c a l l y  form t r i p l e  junct ions between grains. Spar 
crysta ls  are c h a ra c te r i s t i c a l l y  dusty (e.g. Plate 468) and ext inc t ion  
w ith in  ind iv idua l  c rys ta ls  is ra re ly  uniform producing a patchy 
speckled appearance (Plate 46C). Most of these spars are non
PLATE 46:
46A Photomicrograph (plane polar ized l i g h t ) :  General view o f
neomorphic spar (NS), cav i ty  spar (CS) and dedolomite rhombohedra 
(D) w i th in  a dedolostone. Note: Dusty appearence to neomorphic
spar compared with the c learer  cav i ty  spars. Scale bar: 500 pm. 
(sample: E56, log: E9).
46B Photomicrograph (plane polar ized l i g h t ) :  Typical neomorphic spar 
showing suspended r e l i c s  and p a r t ia l  replacement o f dedolomite 
rhombohedra. Scale bar: 500 pm. (sample: E56, log: E9).
460 Photomicrograph (cross polar ized l i g h t )  of same f i e l d  of view 
shown in photomicrograph B showing speckled ex t inc t ion  to
neomorphic spar c rys ta ls .  Scale bar: 500 pm. (sample: E56,
log: E9).
46D Photomicrograph (plane polar ized l i g h t ) :  Cavity spar (CS) i n f i l l  
s tructure surrounded by neomorphic spar (NS) and r e l i c  dedolomite
(D) rhombohedra. (sample: E56, log: E9).
46E Photomicrograph (plane polar ized l i g h t ) :  Well formed elongate
cav ity  spar i n f i l l  s t ruc tu re .  Note: op t ica l  c l a r i t y  o f  cav i ty
spar (CS) compared with  the dusty neomorphic spar (NS). Scale
bar: 500 pm. (sample: E56, log: E9).
46F Photomicrograph (plane polar ized l i g h t ) :  Patches o f  cav ity
i n f i l l  spars (CS) w ith  microspar geopetal i n f i l l s  (G) surrounded 
by matr ix containing dedolomite rhombohedra (D). Scale bar:
500 pm. (sample: E56, log: E9).
46G Photomicrograph (plane polar ized l i g h t ) :  Margin o f  geopetal
cav ity  i n f i l l  o f  microspar and coarse cav i ty  spar. Scale bar:
500 pm. (sample: E56, log: E9).
46H S.E.M. photomicrograph: Neomorphic microspar o f  geopetal cav i ty
i n f i l l .  Scale bar: 10 pm. (sample: E56, log: E9).
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luminescing, though some may produce a homogenous dull  orange-red 
luminescence. Floating re l i c s  of po lyc rys ta l l ine  dedolomite
rhombohedra often occur w ith in  the coarse anhedral spar (Plate 46B - 
46C). Dedolomite rhombohedra are p o ik i l o to p ic a l l y  enclosed by coarse 
anhedral ca lc i te  spar and t o t a l l y  or p a r t i a l l y  consumed w ith in  the 
crys ta l  morphology. ' Often the plane sided rhombic out l ines to some 
large anhedral c rys ta ls  w ith in  the spar are inheri ted by former 
dedolomite rhombohedra (e.g. Plate 46B). These spars are interpreted 
as being o f  neomorphic o r ig in .
Sucrosic dedolostones are also character ized by a va r ie ty  of 
sparry cav ity  i n f i l l s  ranging from 0.5 mi l l imeters to several 
centimeters in diameter. In hand specimens of sucrosic dedolostones 
some cav ity  cements are v is ib le  as i r reg u la r  networks of
interconnect ing white sparry patches.
Well developed cav ity  f i l l i n g  spars occur in close association 
with neomorphic coarse spar c lo t ted  textures (Plate 460 - 46G). 
Microscopical ly  cav ity  f i l l i n g  spars are defined by subcircular (Plate 
46D - 46E) to elongate (Plate 46E) mosaics of coarse, 50 to 500
micron, anhedral ca lc i te  c rys ta ls .  Most cav ity  ca lc i te  spars are 
subequant in form characterized by planar to i r regu la r  
in te r c r y s ta l l i n e  boundaries. A crude drusy fab r ic  may occur w ith in  
cav i ty  structures comprising of small 20 to 100 micron, anhedral to 
elongate c rys ta ls  located along the margins of the cav i t ies  (Plate 
46E). T r ip le  junct ions between crysta ls  are most common, though some 
enfacial junct ions may occur (e.g. Plate 46D, 46G). The most obvious 
d is t in c t io n  between cav ity  and neomorphic spars, however, is the 
opt ical  c l a r i t y  of cav i ty  spars in plane polar ized l i g h t  contrast ing 
to the dusty appearance of neomorphic spars (Plate 46A).
Some cav ity  spars reveal mult i - luminescent and non-1uminescent 
bands (Plates 47D - 47E, 48B, 49B). Br ight orange bands usual ly
occur around the periphery w h i ls t  dull  red and non luminescing bands 
form the centre o f cav ity  structures (e.g. Plate 47D). In plane 
polar ized l i g h t  none of th is  zoning is v is ib le  even with stained
potassium fe r r icyan ide th in  sections. Later solut ion cav it ies  may
crosscut these zoned spars (e.g. Plate 49B) and become i n f i l l e d  with 
non luminescing ca lc i te .  Simi lar luminescing/non luminescing banding 
features are displayed in dedolomite rhombohedra occurring w i th in  the 
surrounding matrix (Plates 47B, 47D). These may include e i ther
b r igh t  orange (e.g. Plate 47C) or dull  red (e.g. Plate 47C) zones
PLATE 47:
47A Photomicrograph (plane polar ized l i g h t )  o f  dedolostone showing 
general view of dedolomite rhombohedra surrounded by neomorphic 
spar. Note: dedolomite rhombohedra show r e l i c  zones. Scale bar: 
500pm. (sample: T43, log: T6).
47B Photomicrograph (under cathodoluminescence) o f the same f i e l d  o f  
view shown in photomicrograph (A). Note: mult i - luminescing 
orange zones, red zones and some non-luminescing zones w i th in  
dedolomite rhombohedra. Scale bar: 500pm. (sample: T43, log: T6).
47C Photomicrograph (under cathodoluminescence) o f  dedolomite 
rhombohedra w i th in  dedolostone d isp lay ing a sing le b r igh t  orange 
luminescing zone. Scale bar: 500pm. (sample: E56, log: E9).
470 Photomicrograph (under cathodoluminescence) o f cav i ty  spar with 
mult i - luminescing zones and non-luminescing zones. Scale bar: 
500pm. (sample: E56, log: E9).
47E Photomicograph (p a r t ia l  cathodoluminescence) showing the 
occurrence o f  luminescing zones w i th in  a cav i ty  spar. Scale bar: 
500pm. (sample: E56, log: E9).
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PLATE 48;
48A Photomicrograph (plane polar ized l i g h t )  of dedolostone showing 
dedolomite rhombohedra and neomorphic spar surrounding a small 
cavi ty .  The cav i ty  is  f loored with  a geopetal (G) of f ine  
crysta ls  and i n f i l l e d  w ith  cav i ty  spar. Note: diagonal l in e  is 
crack in the s l ide .  Scale bar: 500pm. (sample: T42, log: T46).
48B Photomicrograph (under cathodoluminescence) o f  same f i e l d  o f  view 
shown in photomicrograph (A). Dedolomite rhombohedra show mainly 
dul l  red zones with  few b r igh t  orange zones. Cavity spar is 
non-luminescing but f in e  crysta l  geopetal shows an orange/red 
luminescence - possib ly  ind ica t ing  'erosion '  o f  orange/red 
luminescing crys ta ls  p r io r  to the cav i ty  i n f i l l .  Scale bar: 
500pm. (sample: T42, log: T6).
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PLATE 49:
49A Photomicrograph (plane polar ized l i g h t )  of area w i th in  a 
dedolostone showing "mixed" neomorphic spar and cav i ty  spar with 
some dedolomite rhombohedra r e l i c s .  Scale bar: 500pm. (sample: 
E56, log: E9).
49B Photomicrograph (under cathodoluminescence) o f  the same f i e l d  of 
view in photomicrograph (A),  showing complex luminescence of dul l 
red, b r igh t  orange and non-luminescing zones. Note: so lut ion 
cav ity  in the centre is  i n f i l l e d  with  non-luminescing spar. 
Scale: 500pm. (sample: E56, log: E9).
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a lte rna t ing  with non-luminescing zones.
In addit ion some cavity  spars are defined by geopetals of 
micr i te /m icrospar (Plate 46F) or a dispersed meshwork of ca lc i te  
rhombohedra (Plate 48A - 48B). Geopetal m ic r i t e ' i n f i l  Is are most
common and are large ly  composed of an in te r lock ing  equicrystal  1i ne
mass o f  10 micron anhedral ca lc i te  crys ta ls  (Plate 46H) sometimes
exh ib i t ing  a speckled luminescent b r igh t  orange colour.  Geopetals of
f i n e l y  d is t r ib u te d ,  5 to 25 micron, ca lc i te  rhombohedra (Plate 48A)
generate an orange luminescence (Plate 48B) contrast ing to the
surrounding non luminescent coarse cav ity  spar.
Cavity spars are also characterized by cross cu tt ing
re la t ionsh ips of successive cav ity  structures (Plate 49A - 49B). 
This is most apparent in cathode luminescence (Plate 49B) where the 
luminescent banded cav ity  spars show obvious truncat ion by la te r  
non-luminescing cements.
5 .C .Ü .  Discussion of pétrographie data:
An 2 2  si tu re c ry s ta l l i z a t io n  of dolomite by ca lc i te  forming
dedolomit ic chalk and dedolostone is indicated by the fo l lowing
features :
1. Lateral and ver t ica l  gradation of sucrosic dedolomitic 
chalks and dedolostones in to  unaffected sucrosic dolomit ic 
chalks (e.g. Plate 38A, Fig. 86).
2. Dedolomite rhombohedra contain corroded crystal  patches of 
former dolomite crysta ls  (Plate 45C).
3. Po lycrys ta l l ine  dedolomite mimick former dolomite crysta ls  
producing ghost rhombic zones and cores (Plate 45E, 45H).
4. Some dedolomite rhombohedra contain patches or rhombic zones 
of i ron oxide (e.g. Plates 45B, 46B).
The presence of i ron oxide preserved in some dedolomite 
rhombohedra (e.g. Plate 46B) and not with in  p a r t i a l l y  dedolomitized 
dolomite c rys ta ls  (Plates 45C) may indicate the possible existence of 
former ferroan dolomite crys ta ls  composing some of the Haute Normandie 
dolomitized chalks. However, no ferroan dolomite crysta ls  are 
preserved w i th in  the surface outcrops of the Haute Normandie dolomit ic 
chalks or dolostones. This absence of ferroan dolomite maybe
explained by the experimental work of Al-Hashimi and Hemingway (1973 
p. 87) who c lea r ly  demonstrated ferroan dolomite m e tas tab i l i ty  by i t s  
rapid conversion to dedolomite under normal subaerial condit ions.
269
Indeed, many dedolomites have been produced by the d i r e c t
c a l c i t i z a t i o n  o f  ferroan dolomites (e.g.  Shearman e t  al 1961, Evamy
1963, Goldberg 1967, Folkman 1969, Katz 1971, Chafetz 1972,
Al-Hashimi & Hemingway 1973, Wood & Armstrong T975, Kharkwal &
Bagati 1976, Flores e t  al 1978, Frank 1981, Purser 1985). 
Moreover, Wolfe (1970) recorded the occurrence o f  fer roan dolomites 
w i th in  the Northern I r i s h  chalks and t h e i r  l a te r a l  gradat ion in to  
dedolomit ic  chalks.  Ferroan dolomites are also preserved w i th in  the
French chalk near B re te u i l ,  Oise (Hancock 1975).
Within dedolomite rhombohedra, the tex tu ra l  features o f  the 
p o l y c r y s ta l l i n e  c a l c i t e  mosaic may be a t t r i b u te d  to two dominant
fac to rs  :
1. The com pos i t iona l / tex tu ra l  make up o f  precursor dolomite
c r y s ta l s .  This is  most apparent w i th  f i n e r  c a l c i t e  c rys ta l  
replacement o f  dusty core and some dusty zone regions (e.g.  
Plate 45E). Large core regions o f  f i n e  c r y s t a l l i n e  c a l c i t e  
mosaics are commonly associated w i th  sucrosic dedolomit ic 
chalks (e.g.  Plate 45A). These observations may
suggest tha t  the r e c r y s t a l l i z i n g  f a b r i c  is  in par t  
inf luenced by the concentrat ion o f  o r ig in a l  im pur i t ies  
incorporated w i th in  the o r ig in a l  dolomite c r y s ta l .  
Furthermore, the g reates t  number o f  inc lus ions  w i th in
dolomite rhombohedra are usua l l y  associated w i th  p a r t i a l l y
do lomit ized chalks ( i . e .  10-50% dolomite rhombohedra) .
2. The progressive neomorphic r e c r y s t a l l i z a t i o n  o f  sucrosic
dedolomit ic  chalks produces typ ica l  rhombic c lo t t e d  textures 
(Plate 45G -45H). The aggrading neomorphism o f  ind iv idua l
dedolomite rhombohedra gives r i s e  to an increase in c a l c i t e
c rys ta l  s ize w i th in  the p o l y c r y s t a l l i n e  mosaic re s u l t in g  in 
the o b l i t e r a t i o n  o f  r e l i c  zones and core s t ruc tu res  (e.g.
Plate 45G, 451).
Neomorphism is  mainly centered on the f i n e  grained chalk matr ix 
producing coarse anhedral spars. Some sucrosic  dedolostones show a 
close assoc ia t ion between coarse neomorphic and c a v i t y  spars, of ten 
d isp lay ing  a d i f f u s e  gradat ion from one to the other  (e .g .  Plate 46A). 
This close co-ex istence o f  spars may have been inf luenced by an 
o r ig in a l  in te rconnect ing  network o f  m ic rocav i t ies  and pores w i th in  the 
sucrosic dolostone poss ib ly  produced by the ea r ly  d is s o lu t ion  of
dolomite rhombohedra (see Section 5 . B . i . ) .  These cav i t ies /po res  were
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presumably progress ive ly  enlarged by f u r t h e r  d i s s o lu t i o n  producing 
la rge r  wel l  formed elongate c a v i t i e s  or ' s o lu t io n  pathways' w i th  
sharply def ined outer  margins (e.g .  Plate 46E). Other, subc i rcu la r  
m i l l im e te r  s ized c a v i t i e s  have a d i f f e r e n t  o r ig i n  poss ib ly  resu l t in g  
from the d i s s o lu t io n  o f  macrofossi l  grains (e.g.  Plate 48A). Other 
examples o f  neomorphic and c a v i t y  cement spars occur r ing w i th in  the 
same rock have also been documented by previous authors from other 
l imestone environments (e .g.  Bathurst  1959,1975, Banner & Wood 1964, 
Clark 1980a, 1980b).
The r e l a t i v e  t iming o f  d iagenet ic  processes in dedolostones are 
summarized in the fo l low ing  order :
1. Dedolomit izat ion o f  sucrosic do lom i t ic  chalks and 
do lostones.
2. Neomorphism o f  chalk ma tr ix  and dedolomite rhombohedra.
3. D isso lu t ion  o f  dedolomite rhombohedra and some macrofoss i ls .  
Occasional enlargement o f  c a v i t i e s  by f u r t h e r  d is s o lu t ion .
4. Cementation o f  c a v i t i e s .
5. Several episodes o f  subsequent d i s s o lu t io n  and cementation.
M u l t ip le  luminescing/non- luminescing c a v i t i e s  (e .g.  Plate 49B) 
record ea r ly  to l a te  phases o f  spar p r e c ip i t a t i o n  beginning wi th  
dominant b r i g h t  orange per ipheral  bands passing through du l l  red bands 
and f i n a l l y  non luminescent cement spars.
5.D. POROUS DOLOMITIC/DEDOLOMITIC CHALKS
Porous do lom i t ic /dedo lom i t ic  chalks are wide-spread so lu t ion  
features developed from pervasive sucrosic do lom i t ic  and dedolomit ic 
chalks occurr ing along both coastal  and in land exposures o f  the Haute 
Normandie region. In the f i e l d  porous do lom i t ic /dedo lom i t ic  chalks are 
c h a r a c t e r i s t i c a l l y  s o f t  and f r i a b l e  w i th  a pale to b r ig h t  yel low 
co loura t ion .  Fa in t  burrow mott les and so lu t ion  seam fab r ics  may be 
preserved along w i th  occasional i r r e g u la r  patches o f  c a l c i t e  cement 
replacement (P la te  51A).
5 .D . i .  General petrography
Porous do lom i t ic /dedo lom i t ic  chalks are composed dominantly of  
50-250 micron size rhombohedral pores which make up between 10-50% of  
nannofossi l  mudstones and echinoderm wackestones/packstones (Plates 
50A, 500, 50G - 50H, 51B). The development o f  rhombohedral pores
from sucrosic do lom i t ic  and dedolomit ic  chalks shows a c h a ra c te r i s t i c
PLATE 50:
50A Photomicrograph showing sucros ic  dolostone passing in to  porous 
do lom i t ic  cha lk .  Note: d i s s o lu t i o n  o f  core region (whi te  areas)
w i th in  in d iv id u a l  dolomite  c r y s ta l s .  Scale bar:  500 pm.
(sample: T40, log :  T4D).
50B S.E.M. photomicrograph: P a r t i a l l y  d isso lved dolomite  rhombohedra 
w i th  small r e l i c  o f  dolomite c ry s ta l  in  top r i g h t  hand corner .
Scale bar: 10 pm. (sample: T24A, log:  T4).
50C Photomicrograph: Margin o f  chalk nodule (ON) and surrounding
chalk m a t r ix  (M). The chalk m a t r ix  (M) conta ins numerous
rhombohedra pores (R)-  t h i s  con t ras ts  to  the chalk nodule (ON)
which conta ins smal le r  amounts o f  rhombohedra composed o f  
p a r t i a l l y  d isso lved dedolomite c r y s ta l s  (D). Scale bar: 500
pm. (sample: E20, log :  E4).
500 S.E.M. photomicrograph: Rhombohedral pore w i th  r e l i c  o f
dedolomite c a l c i t e  in  top r i g h t  hand corner .  Scale bar: 10 pm. 
(sample: E58, log :  E9).
50E S.E.M. Photomicrograph: Rhombohedral pore.  Scale bar: 10 pm.
(sample: E58, lo g :  E9).
50F Photomicrograph: Porous dedo lomi t i c  chalk showing a c lu s te r  o f
o r ig i n a l  dedolomite rhombohedra occur r ing  w i th in  bryozoan (BY) 
c a v i t i e s  and around bryozoan and phosphate g ra in  (PH). Note: The 
dedolomite d isp lays pronounced i ron  oxide zones. Scale bar: 500
pm. (sample: E57, log :  E9).
50G Photomicrograph: Porous dedo lomi t i c  chalk showing rhombohedral
pores occur r ing  w i t h in  the chalk m a t r ix  (M). Note: the
preserva t ion  o f  p a r t i a l l y  d isso lved dedolomite rhombohedra (D) 
w i th in  the m i c r i t i c  p o r t io n  o f  geopetal developed w i th in  the 
oys te r  (0) s h e l l .  Scale bar:  500 pm. (sample: E57, log :  E9).
5OH Photomicrograph: Porous dedo lomi t i c  chalk con ta in ing  scat te red
rhombohedral pores (R),  bryozoan (BY) grains and some r e l i c  
dedolomite rhombohedra (D). Scale bar: 500 pm. (sample: E57,
log:  E9).
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v a r ie t y  o f  s o lu t ion  networks (e .g.  Fig.  89). Dolomite c rys ta ls  are 
def ined by i r r e g u l a r  gradat ional  t r a n s i t io n s  in to  rhombohedral pores
(Pla te 50A) d isp lay ing  t yp ica l  c rys ta l  d is s o lu t io n  patterns invo lv ing
the inner removal o f  dusty 'core '  regions fo l lowed by /outer  successive 
'zones' (e .g .  Fig.  89A). In con t ras t ,  sucrosic dedolomit ic  chalks 
e x h ib i t  a sharp t r a n s i t i o n  in to  porous dedolomi t ic chalks (Plates 50C, 
50F, 5IB) producing a v a r ie t y  o f  intermedia te so lu t ion  voids w i th in  
the p o l y c r y s t a l l i n e  c a l c i t e  mosaic o f  in d iv idua l  dedolomite 
rhombohedra (e.g .  Fig.  89B - 89D). D isso lu t ion  o f  most dedolomite
c r y s ta ls  i n i t i a t e s  along growth zones a t  the outer  margin migra t ing
in to  the centre o f  the rhombohedron (e.g .  Fig 89C - 89D).
Most samples conta in ing  dominant rhombohedral pore fa b r ic s  were 
i d e n t i f i e d  as the so lu t ion  products o f  former sucrosic dedolomit ic 
chalks- This maybe determined by the fo l low ing  fea tures :
1. Re l i c  remains o f  former p o l y c r y s ta l l i n e  c a l c i t e  mosaics
w i th in  in d iv idua l  rhombohedral pores (Pla te 50B).
2. I r r e g u la r  c lu s te rs  o f  complete or p a r t i a l l y  d issolved 
dedolomite rhombohedra w i th in  or around ske le ta l  macrofossi l  
mate r ia l  (e .g .  Plate 5ÜF - 50G) and l i t h i f i e d  chalk nodules 
(P la te 50C).
In nodular chalks (e.g.  Plate 51H) the preservat ion o f  up to 15% 
rhombohedral pores and/or p a r t i a l l y  d issolved dedolomite rhombohedra 
may occur w i th in  the chalk nodules surrounded by a s o f t  in t ra -nodu la r  
matr ix  conta in ing  up to 50% rhombohedral pores (Plates 50C, 511).
Some porous dedolomit ic  chalks are character ized by bedding 
subparal le l  patches and/or i r r e g u la r  streaks o f  cemented chalk matr ix  
(P late 51A). In th in  sect ion ,  the uncemented regions of  these
fab r ica ted  rocks are composed o f  rhombohedral pores and dispersed 
c lus te rs  o f  p a r t i a l l y  d issolved dedolomite rhombohedra (e.g.  Plate 
51B). However, the cemented patches/streaks comprise o f  p a r t i a l l y  or
completely spar f i l l e d  rhombohedral pores (Plate 51C - 51D) and pore
areas w i th in  p a r t i a l l y  d issolved dedolomite rhombohedra (Pla te 51E). 
These d i s t i n c t i v e  cemented rhombohedra, termed "composite c a l c i t e  
rhombohedra" by Evamy (1967), produce loca l ized  pseudo-rhombic 
c lo t te d  tex tu res (P la te 51C). The c a l c i t e  c r ys ta ls  o f  composite 
c a l c i t e  rhombohedra are d is t ingu ished  from the c a l c i t e  c r ys ta ls  o f  
p o l y c r y s ta l l i n e  dedolomite by the fo l low ing  features:
1. O p t i c a l l y  c lea r  c a l c i t e  c r y s ta ls  w i th  s t r a i g h t  or s l i g h t l y
PLATE 51:
51A Slabbed sample ( o i l  sta ined)  o f  porous dedo lomi t i c  chalk
d isp lay ing  a f a b r i c  o f  cement chalk patches and streaks (CC).
Scale bar: 10 mm. (sample: ElO, log:  E3).
51B Photomicrograph: Porous dedo lom i t ic  chalk d isp la y ing  r e l i c
c lu s te rs  o f  d isso lved dedolomite (D) rhombohedra surrounded by
rhombohedal pores (R).  Scale bar:  500 pm. (sample: E57, log:  
E9).
510 Photomicrograph: pseudo-rhombic c lo t t e d  f a b r i c  o f  composite
c a l c i t e  rhombohedra (OCR) occu r r ing  w i t h in  the c a l c i t e  patches o f  
slabbed sample shown in  photomicrograph (A). Scale bar: 500
pm. (sample: ElO, log :  E3).
510 Photomicrograph: C a lc i te  cement (C) i n f i l l i n g  rhombohedral pore
(R).  Scale bar: 500 pm. (sample: E l l ,  log:  E3).
51E S.E.M. Photomicrograph: Dedolomite rhombohedra showing p a r t i a l
c a v i t y  cementat ion o f  porous core region (C). Scale bar: 500
pm. (sample: T47, log:  T6).
51F S.E.M. Photomicrograph: Rhombohedral pore showing p a r t i a l  i n f i l l
w i th  c a l c i t e  cement c r y s ta l s .  Scale bar: 10 pm. (sample: ElO,
log:  E3).
51G S.E.M. photomicrograph: Composite c a l c i t e  rhombohedra p a r t i a l l y
i n f i l l e d  w i th  c a l c i t e  cement c r y s ta l s .  Scale bar: 10 pm.
(sample: ElO, log:  E3).
51H Slabbed sample ( o i l  s ta in e d ) :  echinoderm burrowed chalkstone
showing in tense d o lo m i t ic  replacement o f  s o f t  in te rno du la r  ma tr ix  
(M) and marginal replacement o f  cemented chalk burrows (CB).
Scale bar: 10 mm. (sample: T65, log:  T12).
511 Photomicrograph: Margin o f  cemented chalk nodule (CB) and chalk
m atr ix  (M). Note: numerous rhombohedral pores preserved w i th in
chalk m a t r ix  (M) and small number o f  rhombohedral pores in
cemented chalk nodule (CB). Cracks in chalk nodule (CR).
Scale bar:  1mm in t e r v a l s ,  (sample: T54, log:  T7).
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FIG 89: Diagrams showing var ious  pa t te rns  o f  rhombohedral pore
development (voids = black areas).
(A) Dolomite rhombohedron showing progress ive d is s o lu t i o n  
from the core region to  ou ter  margin.
(B) Dedolomite rhombohedron showing progress ive d is s o lu t i o n
from the core region to  ou ter  margin.
(C) Dedolomite rhombohedron showing progress ive d i s s o lu t i o n
from the outer margin to  core reg ion.
(D) Dedolomite rhombohedron showing an i r r e g u l a r  d i s s o lu t i o n  
p a t t e r n .
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curved i n t e r - c r y s t a l  1ine boundaries (Plate 51D). Cement 
c r y s ta l s  are usua l ly  la rge r  than dedolomite c rys ta ls  and do 
not conta in  any inc lus ions .
2. Where c a l c i t e  has i n f i l l e d  complete rhombohedral pores a 
drusy f a b r i c  is  commonly developed (Pla te 51C, 51G). Ghost 
dolomite zones, i ron  oxide zones/patches and dusty 
m ic rocrys ta l  1ine cores are a l l  absent (e.g.  Plate 51C - 
51D).
3. Composite c a l c i t e  rhombohedra are r e s t r i c t e d  to cemented
fa b r i c s  in  porous dedolomites. A progressive sequence of
increas ing spar i n f i l l i n g  rhombohedral pores can be traced 
from marginal to cent ra l  regions o f  ind iv idua l  cemented
patches or streaks (Plate 51F - 51G).
5 . D. i i . Discussion o f  pétrographie data :
The essen t ia l  fea ture  o f  porous do lom i t ic /dedo lom i t ic  chalks is  
the development o f  numerous rhombohedral pores. Previous workers 
have described a number o f  d i f f e r e n t  o r ig in s  f o r  rhombohedral pores 
occur r ing in o ther  carbonate environments. These include the
p r e fe re n t ia l  d i s s o lu t i o n  o f : -  1. Dedolomites (e .g .  Evamy 1967, Wolfe
1970), 2. Dolomites (Bausch 1965, M a t teve l l i  e t  al 1966), 3. Both
dedolomi te/dolomite (Al-Hashimi & Hemingway 1973, Purser 1985). As 
shown from pétrographie evidence ( in  Section 5 . B . i . ,  5 . C . i . ,  5 . D . i . )  
rhombohedral pores developed in the Haute Normandie chalks are der ived 
from the d i s s o lu t i o n  of  e i th e r  dedolomite or dolomite rhombohedra.
Microscopic analys is  o f  sucrosic do lom i t ic  chalks show tha t  the 
porous areas developed w i th in  ind iv idua l  rhombohedra occur along 
'dus ty '  cores/zones (e .g.  Plate 40A - 40D) and demonstrate the a b i l i t y  
of  pore water to penetrate the outer zone of  the c rys ta l  causing 
s e lec t i ve  i n t r a c r y s t a l l i n e  d isso lu t ion  of  these in c lu s io n - r i c h  layers .  
Most c h a r a c t e r i s t i c  o f  sucrosic do lom i t ic  chalks,  however, is  an 
apparent e a r l y  phase o f  d isso lu t ion  as ind ica ted  by the occurrence o f  
hol low zones in  s i l i ce ous  dolomite c rys ta ls  and rhombohedral pores 
w i th in  f l i n t s  (see Section 5 . B . i . ) .  S im i la r l y ,  Purser (1985) noted 
an ea r ly  (Ju rass ic )  phase o f  dolomite d isso lu t ion  res u l t in g  in 
important re s e rv o i r  c h a ra c te r i s t i c s  w i th in  Bathonian carbonates o f  the 
Paris Basin.
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5 .E . DISCUSSION: ORIGIN OF DOLOMITIZED AND DEDOLOMITIZED CHALKS
The fo l lo w in g  discussion proposes models f o r  do lom i t iza t io n  and 
dedo lom i t iza t ion  o f  the Haute Normandie chalks basexi on the overa l l  
aspects o f  s t r a t i  graphic/palaeogeographic and fac ies  re la t ionsh ips  
together  w i th  pétrographie and isotope data. An important assessment 
o f  the dolomite environment also involves the analys is  o f  
dedolomit ized chalks to assess the regional  ex tent  and nature of  
dolomi t i  z a t i o n .
5 . E. i . Timing o f  do lom i t iza t ion
Cayeux (1935) suggested a penecontemporaneous o r i g i n  f o r  the 
Haute Normandie do lomit ized chalks based on his f i e l d  observat ions o f  
sharp upper "e ros iona l "  boundaries to do lom i t ic  chalk hor izons. In 
con t ras t ,  Kennedy and Juignet (1974) suggested a la te  do lom i t iza t ion  
process due to the f a c t  tha t  dolomite is  absent from the ea r ly  
cemented chalk associated w i th  hardground and nodular chalk format ion.  
The f ind ings  in  t h is  study imply a r e l a t i v e l y  ea r ly  ep igenet ic  o r ig i n  
f o r  these do lomit ized chalks as shown by the fo l low ing  f i e l d  and 
pétrographie evidence.
Sucrosic dolomite c rys ta ls  show an in s i t u  format ion as ind ica ted  
from pétrographie replacement textures w i th in  the m i c r i t i c  matr ix  and 
ske le ta l  al lochems (Plates 40, 41, 42). In add i t ion ,  f i e l d
c h a r a c te r i s t i c s  reveal l i t t l e  evidence o f  erosional reworking o f  
sucrosic do lom i t ic  chalk and dolostone hor izons. Likewise, dolomite 
rhombohedra and dolomite fab r ic s  give no in d ic a t io n  o f  b iogenic 
d is rup t ion  by burrows and/or borers.
The main evidence against  a synsedimentary ( i . e .  < 1 metre depth) 
o r ig i n  f o r  sucrosic do lom it ic  chalks and dolostones is  in fe r re d  by the 
v i r t u a l  absence o f  dolomite c rys ta ls  w i th in  adjacent ea r ly  cemented 
chalkstones (e.g.  Plates 38B, 39A, 39C, Fig.  86). Two possible
suggestions may explain th is  fea tu re :
1. Se lec t ive  do lom i t iza t ion  of  the chalk between chalkstone 
horizons may be prompted by some component outside the 
chalkstone which enhances the nucléa t ion o f  dolomite 
c r y s ta l s .
2. The ea r ly  cement o f  chalkstones provides an impermeable 
b a r r i e r  to do lom i t iz ing  f l u i d s  which pass through the 
surrounding porous chalks.
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The l a t t e r  mechanism is  most l i k e l y  in l i g h t  o f  the fo l low ing  
f i e l d  c h a ra c te r i s t i c s :
1. The se lec t i ve  do lom i t iza t ion  o f  h igh ly  porous coarse grained 
burrow i n f i l l s  penetra t ing chalkstone horizons (Pla te 39C).
2. Within debris f lows (Plate 39B) there is  se lec t ive
do lom i t iza t io n  o f  the porous chalk matr ix  between chalkstone 
cobbles and boulders.
Do lom i t iza t ion  is  assumed to post date the d i s s o lu t io n  of  
ske le ta l  aragoni te mater ia l  w i th in  the chalk sediment. The low 
amounts of  s tront ium ( i . e .  Sr <100 ppm) contained w i th in  the sucrosic 
dolomite c r y s ta l s  is taken to suggest a post "d i s s o lu t i o n  of  
aragoni te" o r i g i n .  This is  in con t ras t  to the high stront ium
composi tion of  North Sea do lom it ic  chalks ( @ 1600 ppm) which are 
considered by Jorgensen (1983) to have p re c ip i ta te d  in s tron t ium r ich  
so lu t ions  generated by the ea r ly  d i s s o lu t io n  o f  aragoni te components. 
However, ske le ta l  aragoni te is  assumed to have dissolved very soon 
a f t e r  depos i t ion of  Haute Normandie chalks due to the s c a rc i t y  o f  
a rago n i t i c  f o s s i l s  and absence o f  inoceramid nacreous layers w i th in  
chalkstones (see Chapter 3 .H.) .
Pétrographie evidence may also suggest tha t  dolomite post dates 
the d is s o lu t io n  or r e c r y s t a l l i z a t i o n  o f  high magnesium c a l c i t e .  In 
general ,  the f i n e  grained chalk matr ix  shows the most obvious
p re fe re n t ia l  replacement by dolomite rhombohedra (Plates 40A, 40E, 41A 
- 41H) ra ther  than replacing la rge r  s i l t  to sand-sized macrofossi l  
grains.  Blake e t  al (1980), however, descr ibe complete
pseudomorphic dolomite replacement o f  large c r in o id  grains which they 
a t t r i b u t e  to the d i r e c t  replacement o f  the pr imary ske le ta l  high
magnesium c a l c i t e .  The non pseudomorphic replacement shown by the 
Haute Normandie do lom i t ic  chalks and most sucrosic dolostones may 
suggest tha t  the echinoderm grains were composed o f  low magnesium 
c a l c i t e  a t  the time o f  do lom i t iza t ion .  A l t e r n a t i v e l y ,  the
c h a r a c te r i s t i c  non pseudomorphic replacement o f  echinoderm grains may 
r e f l e c t  a r e s t r i c t i o n  imposed by these la rge r  c a l c i t e  c r y s ta l s  which 
impose less surface energy and are there fo re  less reac t ive  to dolomite 
a l t e r a t io n .  However, both serpu l id  (Pla te 41H) and bryozoan (Plate 
41E, 41G) grains (also o r i g i n a l l y  high magnesium c a l c i t e )  d isp lay
s im i l a r  non pseudomorphic replacement tex tu res .  In con t ras t ,  in 
other carbonate environments preserving e x is t i n g  high magnesium
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c a l c i t e  gra ins ,  subsequent do lom i t iza t ion  usua l l y  shows p re fe ren t ia l
replacement o f  these allochems (e.g.  Steidtmann 1911, Fa irb r idge 
1957, Schofeid & Nelson 1978, Buchbinder 1979, Armstrong e t  al
1980, Sibley 1980). A f u r t h e r  cons iderat ion is ' the p re fe re n t ia l
replacement by the dolomite c ry s ta ls  of  the low magnesium c a l c i t e  
chalk matr ix .  The numerous inc lus ions  occur r ing  as dusty
cores/zones w i th in  dolomite rhombohedra, however, are taken as 
f u r t h e r  evidence to the apparent resis tance o f  low magnesium c a l c i t e  
to dolomite replacement.
Do lom it iza t ion  genera l l y  precedes f l i n t  format ion as ind ica ted by 
the preservat ion o f  r e l i c t  sucrosic do lom i t ic  chalk patches enclosed 
in the cores o f  some f l i n t s  (e.g .  Plate 44B - 44C) inc lud ing the 
s i l i c i f i c a t i o n  o f  dolomite rhombohedra (P la te 40H - 401). However, 
the marked tex tu ra l  d i f fe rences o f  smal ler  amounts o f  rhombohedra 
occur r ing  w i th in  f l i n t s  (Plate 40H) than composing the surrounding 
sucrosic dolostones (e.g.  Plate 40E) suggests f u r t h e r  do lom i t iza t ion  
o f  the chalk a f t e r  f l i n t  format ion.
In tu rn ,  both do lom i t iza t ion  and s i l i c i f i c a t i o n  ( i . e .  1. Sucrosic 
do lom i t ic  chalks and dolostones, 2. Sponge and burrow f l i n t s )  antedate 
major pressure so lu t ion  processes ( i . e .  chalk f l a s e r  f a b r i c s ) .  This 
assumption is  based mainly on the fo l lo w in g  features o f  burrow and 
sponge f l i n t s :
1. The non preservat ion o f  so lu t ion  seam fa b r ic s  w i th in  f l i n t s .
2. So lu t ion seams p r e f e r e n t i a l l y  develop in the s o f t  chalk 
matr ix  surrounding f l i n t s  occurr ing w i th in  nodular chalk 
f la s e rs  (PI ate 11).
The exact t im ing o f  f l i n t  format ion is  d i f f i c u l t  to assess due to 
the occurrence o f  secondary f l i n t  types, such as seam f l i n t s  replacing 
pressure so lu t ion  seams. Clayton (1982,1984,1986) using extensive 
geochemical / isotope data suggests an ea r ly  d iagenet ic  o r ig i n  f o r  
f l i n t s  whereby s i l i c i f i c a t i o n  i n i t i a t e s  on ly  5 to 10 metres below the 
sediment surface. The main argument aga inst  ea r ly  f l i n t  format ion 
occurr ing w i th in  the Haute Normandie Chalks is  the absence o f  reworked 
f l i n t s  a t  the base o f  channels (up to 50 metres deep) and w i th in  slump 
and mass-flow s t ruc tu res  (1 to 45 metres th ickness) .  Clayton 
(Pers.comm. 1987), however, suggests tha t  the ea r ly  diagenet ic  phase 
of  f l i n t  development is  in the form of a " loose lep isphere framework" 
which would have been e a s i ly  dissaggregated and dispersed during
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re-sedimentat ion processes. This he exp la ins is why reworked f l i n t s  
are extremely rare but he does know o f  two such examples.
Most smal l -sca le  f a u l t i n g  along the Haute Normandie coas t l ine  
c le a r l y  post -date the format ion o f  chalkstones, doTomitized chalks, 
f l i n t s  and pressure so lu t ion  fa b r i c s  (P la te 39C). This is  indicated 
by the complete t runca t ion  and b recc ia t ion  o f  a l l  components making up 
th is  paragenet ic sequence. The t im ing o f  these southwest/northeast 
t rend ing f a u l t s  is  less c e r ta in  and may be a t t r i b u te d  to the Laramide 
(Maastr icht ian to Palaeocene) or Alpine (Oligocene to Miocene) 
tec ton ic  phases.
5 . E. i i . Or ig in  o f  do lom i t iz ing  f l u i d s :
Sucrosic do lom i t ic  chalks and dolostones of  Haute Normandie, show 
a close assoc ia t ion to channel s t ruc tu res  and intrachannel  facies 
sequences o f  chalkstone interbedded w i th  echinoderm wackestones, 
nannofossi l  mudstones and boulder-conglomerates. The apparent
se lec t i ve  replacement o f  some basal and marginal channel fac ies  may 
suggest a cont ro l  on do lom i t iza t io n  induced by changes in carbonate 
mineralogy and/or p o ro s i ty /p e rm e a b i l i t y .  The l a t t e r  a l te rn a t i v e  of  
po ros i ty  cont ro l  is  most l i k e l y  in view of  the fo l low ing  f i e l d  
observations :
1. Extensive do lom i t ic  replacement o f  the h igh ly  porous s o f t  
chalk matr ix  o f  boulder-conglomerates (Plate 39B) and 
slumped chalk (Plates 38D, 39A).
2. Do lom i t iza t ion  o f  most coarse grained echinoderm wackestones 
(e.g.  PI ate 38C).
3. Se lec t ive  replacement o f  coarse grained, uncemented burrow 
i n f i l l s  w i th in  chalkstone horizons surrounded by 
non-dolomit ized cemented chalk matr ix  (Plate 39C).
Less porous nannofossi l  mudstones are also dolomit ized but only 
show extensive replacement immediately adjacent to more porous 
echinoderm wackestones or boulder-conglomerates (e.g.  Fig.  86). This 
impl ies tha t  the coarser grained porous channel i n f i l l  sediments may 
have acted acted as 'condu i ts '  to seeping do lom i t iz ing  f l u i d s .  Other 
workers (e .g.  Lucia 1962, C h i l inga r  e t  al 1972, Sarkisyan e t  al 
1973) have also noted a d e f i n i t e  re la t io n s h ip  between po ros i ty  and the 
degree o f  d o lo m i t i z a t i o n .
The sucrosic do lom i t ic  chalks and dolostones o f  Haute Normandie 
were formed in  a low temperature environment as shown by comparat ively
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heavy oxygen isotope values (Sect ion S . B . i . )  and c rys ta l  form. 
M ic roscop ica l ly ,  sucrosic  dolomite c ry s ta ls  cons is t  o f  id io to p i c  
rhombohedra which are considered to be a low temperature phenomenon 
r e s u l t in g  in  a ' l a y e r  by la y e r '  add i t ion  o f  atoms producing well  
formed euhedral c r y s ta l s  (Gregg & Sibley 1984). In con t ras t ,  
xenotopic dolomites,  such as those occur r ing w i th in  the Northern I r i s h  
chalks (Wolfe 1970), poss ib ly  formed above a " c r i t i c a l  roughening 
temperature" ( c . f .  Gregg & Sibley 1984) o f  between 50°C and 100°C. 
In these xenotopic dolomites,  c rys ta ls  have i r r e g u la r  or curved 
i n t e r c r y s t a l l i n e  boundaries r e s u l t in g  from nonfaceted growth.
In add i t ion  each zone w i th in  dolomite rhombohedra is  def ined by a 
s im i l a r  composi tion ( i . e .  Ca^g^Mg^^COg ) suggesting overa l l  uni form 
chemical cond i t ions  dur ing the p r e c ip i t a t i o n  o f  each zone making up 
the dolomite c r y s ta l .  The zoning o f  sucrosic dolomites are, 
the re fo re ,  not  the r e f l e c t i o n  o f  abrupt changes in the chemical 
composi tion (e .g .  Katz 1971) or temperature but may simply be a 
func t ion  o f  the r e l a t i v e  rates o f  c rys ta l  growth (e.g.  Longman & Mench 
1978).
A f u r t h e r  in d ic a t io n  o f  chemical cond i t ions at  the time of  
dolomite p r e c ip i t a t i o n  are shown by the s tab le  isotope values (e.g .  
Fig.  87). In genera l ,  many fac to rs  a f f e c t  the f ra c t io n a t io n  o f  carbon 
and oxygen isotopes and in f luence the iso top ic  s ignatures o f  the 
p re c ip i ta te d  dolomite or c a l c i t e  minerals (Land 1980). In carbonate 
rocks,  the c o n t r o l l i n g  in f luence is  the iso top ic  composi tion o f  the 
i n t e r s t i t i a l  water at  the time of  p r e c ip i t a t i o n .  Within the Haute 
Normandie d o lom i t ic  chalks and dolostones the & C isotope composition 
is  s l i g h t l y  l i g h t e r  in both dolomite and c a l c i t e  components when 
compared w i th  the s o f t  chalk and chalkstone samples (Figs.  87, 88). 
This suggests tha t  the in t roduc t ion  o f  i s o t o p i c a l l y  l i g h t  carbon may 
have been incorporated e i t h e r  from the atmosphere (e.g.  meteor ic)  or 
organic (e.g .  Thermal organic decay and sulphate reduct ion)  sources.
Baker and Kastner (1981) showed tha t  the leve l  of  sulphate ions 
is a l i m i t i n g  f a c to r  on do lom i t iza t ion  w i th  loca l  sulphate reduct ion.  
Hardie (1987, p. 177), however, pointed out some serious
con t rad ic t ions  to the sulphate reduct ion theory and he c i ted  many 
examples o f  modern do lom i t iz ing  environments in which sulphate
concentrat ions w i th in  the i n t e r s t i t i a l  waters are as much as 200,000 
ppm (e.g .  70X seawater sulphate concen t ra t ion ) .  The Haute Normandie
do lom i t ic  chalks and dolostones are not considered to have been
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p re c ip i t a te d  in sulphate reducing cond i t ions f o r  the fo l low ing
reasons:
1. Carbon isotope signatures o f  dolomites from sulphate
reducing environments are usua l l y  more "negative . For
example; Baker and Burns (1985) showed tha t  Miocene to
Holocene (D.S.D.P.) o rgan ic - r ich  cont inenta l  margin 
sediments have a typ ica l  range from -9 .8  to 205%..
2. There is  no s ig n i f i c a n t  development o f  sulphides w i th in  
do lomit ized or dedolomitized chalks.  Small amounts of  
p y r i t e  may occur w i th in  the Haute Normandie chalks but is
usua l ly  associated w i th  ce r ta in  chalkstone and marly-chalk 
hor izons. There is also no evidence o f  evapor i tes occurr ing 
w i th in  or above the sequence.
3. The dolomite is  associated w i th  channels and scours 
conta in ing coarser grained sediments which presumably had 
less organic r i ch  chalks.  I f  the dolomites were formed in 
sulphate reducing condi t ions then they would also be 
expected to occur in the f i n e r  grained and organic r i ch  s o f t  
wh i te  chalks w i th in  the res t  o f  the sequence.
A l t e r n a t i v e l y ,  i s o to p i c a l l y  negative carbon may be dissolved from 
s uba e r ia l l y  exposed carbonates by meteoric waters charged wi th  
atmospheric CO2 and also poss ib ly  incorpora t ing  f u r t h e r  negative
carbon from CO^ from decaying land p lants .  A f resh water or brakish
water lens may have migrated from the emergent Br i tany  landmass
passing through the marginal porous chalk fac ies  o f  the Haute 
Normandie region (see also Section 5 . E . i . ) .  L igh t  iso top ic  carbon 
could there fo re  have been incorporated in to  both dolomite and 
carbonate minera ls .  The iso top ic  s ignatures w i th in  the dolomite and 
c a l c i t e  are also dependent on the degree o f  inher i tance o f  carbon 
isotopes from precursor carbonates and the ground water system. This 
may help exp la in  the wide iso top ic  v a r ia t io ns  from d i f f e r e n t  meteor ic /  
marine mixed water dolomite environments (Fig.  90).
Fur ther  evidence of  meteoric f low is  depicted by the oxygen 
isotope composit ion.  I t  is  assumed from pétrographie evidence 
(Sect ion 5 . B . i . )  t ha t  dolomite p rec ip i ta ted  in a low temperature 
environment s im i l a r  to tha t  o f  c a l c i t e .  Temperature is an important 
fa c to r  o f  oxygen iso top ic  equ i l ib r ium  f ra c t io n a t io n  dur ing mineral 
p r e c ip i t a t i o n  (e .g.  Land 1980). However the temperature e f f e c t  is
FIG 90: P lo t  o f  s tab le  oxygen and carbon isotope composi tion o f
do lom i t ic  chalk and dolostone samples from Haute Normandie 
compared w i th  data from o ther  "mixed water" dolomite samples.
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d i f f e r e n t  in  dolomite than f o r  c a l c i t e :
1. For c a l c i t e :  T= 16.9 - 4.21 { 8 ^ - è J  + 0.14
2. For dolomite: '  T= 31.9 - 5.55 + 0.17
F r i t z  and Smith (1970) showed tha t  experimental p r e c ip i t a t i o n  of  
dolomite under low temperature condi t ions resu l ted  in dolomite 
approximately 3%*. heavier than coex is t ing  c a l c i t e .  Within the Haute 
Normandie do lom i t ic  chalks and dolostones both dolomite and c a l c i t e  
have the same S^ ^O and formed at  the same temperature which ind ica te  
s l i g h t l y  i s o t o p i c a l l y  l i g h t e r  waters ( i . e .  meteoric der ived) dur ing 
dolomite p r e c ip i t a t i o n .  This is  shown in f igu res  87 and 88.
5 . E . i i i .  Model f o r  do lom i t iza t ion :
The regional  d i s t r i b u t i o n  o f  do lom i t iza t ion  (as ind ica ted  by the 
outcrops o f  both dolomit ized and dedolomit ized chalks) shows an 
overa l l  increase towards the western margin of  Haute Normandie (e.g.  
Fig.  93). This fo l lows the general th inn ing  o f  the Upper
Cretaceous chalks westwards towards the basin margin o f  the land area 
of  the B r i t t a n y  Massif (see Chapter 2).  The most weste r ly
Turonian/Coniacian outcrop o f  chalk,  however, was probably deposited 
some 50 to 100 km eastward from the palaeocoast l ine o f  the massi f.  A 
landward fac ies  t r a n s i t i o n  ex is ts  west of  Haute Normandie towards the
B r i t t a n y  Massi f passing from chalk in to  quartzose b io c la s t i c
l imestones and f i n a l l y  shore l ine quartz gravels and sands (Ju ignet  &
Kennedy 1974). The dominant ep icont inenta l  pe lagic environment
w i th in  the Haute Normandie region immediately precludes many 
environments o f  do lom i t iza t ion ,  such as hypersal ine lagoons (e.g.  
Adams & Rhoads 1960) and sabkhas (e.g.  T i l i n g  1965, Patterson & 
Kinsman 1982).
On a loca l  scale w i th in  the Haute Normandie region, sucrosic 
do lom i t ic  chalks and dolostones e x h ib i t  the apparent se lec t ive  
replacement o f  some porous/permeable channel fac ies  may ind ica te  an 
impor tant  cont ro l  on do lom i t iza t ion  (see below). In add i t ion  to t h i s ,  
the proposed model f o r  do lom i t iza t ion  must s a t i s f y  the fo l low ing  basic 
requirements :
1. Source o f  magnesium and carbonate ions.
2. Hydrological  s e t t i n g /d r i v e .
The source o f  carbonate ions f o r  dolomite p r e c ip i t a t i o n  is 
assumed to be l o c a l l y  der ived from the d is s o lu t ion  o f  chalk sediment.
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however the source o f  magnesium ions is  less c e r ta in .  Loca l ly
produced magnesium ions may be generated from clay mineral diagenesis
(Davies 1979, Mattes & Mountjoy 1980) or " so lu t ion  cann iba l iza t ion "  
of  magnesium c a l c i t e  ( c . f .  Goodel1 & Garman 1969) . /  Mg^^ ions from 
c lay  minerals ,  however, are n e g l ig ib le  because both smecti tes and 
i l l i t e s  usua l l y  compose less than 1% of the to ta l  chalk sediment.
A l t e r n a t i v e l y ,  echinoderm mater ia l  w i th in  the chalk sediment may 
have a t t r i b u te d  appreciable amounts o f  o r ig in a l  high magnesium 
c a l c i t e .  Indeed, f i e l d  and pétrographie evidence show a close
assoc ia t ion between echinoderm wackestones and packstones (e.g.  
Chapter 3 . E . i . )  which might also be explained by po ros i ty  control  
(above). A more de ta i led  assessment is therefo re  requ ired to see i f
s u f f i c i e n t  magnesium ions were supplied from the echinoderm mater ia l
to account f o r  the amount o f  dolomite rep lac ing the surrounding chalk 
m a tr ix .  A rough mass balance is  ca lcu la ted  using the fo l low ing
c r i t e r i a :  (a) An average 12.6 weight % MgCO^  from magnesium c a l c i t e  
composing ech ino id ,  c r in o id  and ho lo thuro id  mater ia l  (Weber 1969). (b) 
Average 15% echinoderm composi tion f o r  echinoderm
mudstones-wackestones and wackestones-packstones (range 3 to 56%- see 
po in tcount  analys is  in Chapter 3 . E . i . )  w i th in  the Sennev i l le  and 
P ie r re -en -Por t  Formations throughout the Haute Normandie region. 
Thus, a volume of  sediment composed of  15% echinoderm magnesium 
c a l c i t e  (12.6 weight % MgCO^) w i l l  produce 1.89 weight % MgCO^. This 
would account f o r  about 4% d o lo m i t i z a t io n , whereas the average 
do lom i t iza t io n  w i th in  the sequence is 16%. More im por tan t ly ,  i t  
c e r t a in l y  cannot account fo r  dolostone horizons where there is up to 
100% replacement. This re la t io n s h ip  is f u r t h e r  i l l u s t r a t e d  in f ig u re  
91 which shows only a s l i g h t  p o s i t i v e  c o r re la t io n  ( i . e .  l i n e a r  
regression) between the weight % MgCO^  in dolomite and echinoderm 
grains.  S im i la r l y  the re la t io n s h ip  between the amount o f  echinoderm 
grains compared w i th  dolomite c ry s ta ls  (Fig.  92) e x h ib i t s  only a 
s l i g h t  p o s i t i v e  c o r re la t io n .  This fo l lows the conclusion made by 
Land (1973a p . 86) tha t  " s o lu t i o n - c a n n ib a l i z a t io n "  is a workable
mechanism but "su f fe rs  from the c lass ic  o b j e c t i v e   i n s u f f i c i e n t
magnesium".
C lear ly  the amount o f  Mg^^ produced from high magnesium c a l c i t e  
echinoderm grains cannot account f o r  the to ta l  source o f  Mg^^ needed 
f o r  a l l  the dolomite,  but may con t r ibu te  up to 25% (see above). 
Peterson (1962), estimated tha t  up to 50% do lom i t iza t io n  o f  Upper
FIG 91: Graph showing the weight % MgCOa in  echinoderms versus
dolomite,  ( l i n e a r  regress ion ( r ) :  0 .29,  A: 2.17, B: 1.346)
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Miss iss ipp i  an carbonates could be con t r ibu ted  to by magnesium 
migrat ion from adjacent c r ino ida l  l imstones. The exact t iming of  
"so lu t ion  cann iba l iza t ion "  of  magnesium c a l c i t e  echinoderm skeletons 
may vary (Weber 1969) but usua l l y  occurs d u r in g 'e a r l y  diagenesis 
between 0 and 10 metres below the sediment surface (Dix & M u l l ins ,  in 
press).  In add i t ion ,  Mul l ins  e t  al (1985) descr ibe cores from the 
L i t t l e  Bahama Bank showing a to ta l  loss o f  magnesium-calci te a t  depths 
greater  than 1.05 metres below the sediment water in te r fa c e ,  c lose ly  
assoc ia t ion w i th  authigenic  dolomite p r e c ip i t a t i o n .  I t  is  envisaged 
by the present author tha t  " s o lu t i o n - c a n n ib a l i z a t io n "  and some 
associated dolomite p r e c ip i t a t i o n  may have occurred a f t e r  several 
metres bur ia l  below the zone o f  ea r ly  cementation which formed 
chalkstone hor izons w i th in  the upper 0.5 metres o f  sediment.
Teodorovitch (1958) f i r s t  noted tha t  a typ ica l  fea tu re  o f  ear ly  
dolomite c r y s ta ls  are t h e i r  f i n e  grained size (0.01 to 0.05 mm
diameter) .  The Haute Normandie dolomite c ry s ta l s  are c l e a r l y  coarser 
grained (e.g.  Plates 40, 41, 42). However, c rys ta l  zonation has been 
shown to r e f l e c t  d i f f e r e n t  growth stages (see Section 5 . B . i . )  which 
might suggest tha t  core regions represent t h i s  ea r ly  i n i t i a l  growth. 
The outer zones to these seed c ry s ta ls  together w i th  the nucléat ion of  
other dolomite c ry s ta ls  occurr ing w i th in  the surrounding chalk matr ix 
are presumed to have p rec ip i ta ted  from l a t e r  so lu t ions  containing an 
external  source o f  magnesium.
Morrow (1982 p95) emphasised the importance o f  consider ing a
dr ive mechanism by .which Mg^^ ions are de l ivered to the s i t e  of  
d o lom i t iza t ion .  In the Haute Normandie do lomit ized chalks,  the main 
external  supply o f  Mg^^ ions is  in fe r red  to o r ig in a te  from c i r c u l a t i n g  
marine ground waters.  I t  is  u n l i k e l y  t h a t  the remaining bulk of
dolomit ized chalks ( i . e .  > 70%) were generated w i th in  a stagnant stand 
of  bur ied sea water or by simple d i f f u s io n  o f  Mg^^ from the over ly ing  
sea water - t h i s  i s  shown from the fo l lo w in g  arguments: I f  the pore
waters were more or less equ iva lent  to marine water composi tion then
i t  would probably contain about 1,300 ppm Mg^^ (approx. Mg^^
concentrat ions in  present day oceans). Thus assuming a 10%
successful removal ra te  o f  Mg^^ ions dur ing the do lom i t iz ing  process 
(Choquette & Steinen 1980) then approximately 5,783 pore volumes of  
sea water would be required to produce one pore volume of  dolomite.  
This c le a r l y  demonstrates the f a c t  tha t  a s i g n i f i c a n t  f low mechanism 
of marine pore water was probably needed to produce the remaining bulk
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of do lomit ized chalks ( i . e .  > 70%).
Two poss ib le  f low mechanisms may be suggested to cause ground 
water c i r c u l a t i o n  through the Haute Normandie chalks:
1. A mixed water process (F ig .  93) whereby fresh water lenses
are generated in the recharge region o f  the B r i t t a n y  Massif 
1andmass.
2. A bur ia l  compaction process generated by greates t  sediment
thickness towards central  regions o f  the Paris Basin.
The major problem o f  a bur ia l  compaction model is  again, an 
i n s u f f i c i e n t  source o f  Mg^^ w i th in  an almost pure calcium carbonate 
sediment. Mattes & Mountjoy (1980) noted the importance o f  c lay
mineral diagenesis in adjacent shale format ions f o r  the supply of  
MgZ^. Marly-chalks contain too few c lay  minerals (5-30%) to generate 
enough magnesium f o r  do lom i t iza t io n  on the scale o f  the Haute 
Normandie do lomit ized chalks.  In add i t ion ,  pore f l u i d  ana lysis of  
D.S.D.P. cores through pe lagic carbonates in d ica te  a s ig n i f i c a n t  
reduct ion in magnesium at around 500 metres depth (e.g.  Sayles e t  al 
1974, Sayles & Manheim 1975). However, in Upper Cretaceous chalks 
o f  ep icon t inen ta l  o r i g i n  dep le t ion o f  Mg^^ probably occurred at  much 
shal lower depths r e s u l t in g  from the s i l i c i f i c a t i o n  process o f  f l i n t  
format ion (Kastner e t  al 1977).
A mixed water hypothesis (Fig.  93) is  there fo re  proposed f o r  the 
Haute Normandie do lomit ized chalks.  However, when consider ing
meteor ic aqu i fe rs  and mixing zones i t  i s  important to take in to  
account the in f luence o f  c l imate and the ex tent  o f  emergent land area 
(e .g.  Purser & Schroeder 1986). During the Upper Cretaceous the 
Anglo-Paris Basin lay between the pa laeo la t i tudes  o f  30 and 35° (Smith 
& Briden 1977) which suggests a palaeocl imate o f  subt ropical  in f luence 
as shown by the c l im a t i c  patterns o f  present day western cont inental  
margins. Cooper (1977) states " t h a t  dur ing the Cretaceous, the
expansion o f  warm shal low seas" would have resu l ted in "mi ld ,  equable 
marit ime cond i t ions ,  w h i l s t  increased evaporat ion would have resul ted
in higher mean r a i n f a l l " .  ‘ , ...
^ dolomiTizanon
Henrich and Zankl (1986) demonstrated tha t  shal low b u r ia l ^ in  
T r iass ic  Wet te rs te in  reefs may be due to meteoric input  during 
sea- level  lows. In the Upper Cretaceous succession of  Haute 
Normandie, do lomit ized and dedolomit ized chalks are conf ined to the 
coarser grained sediment associated w i th  channel and scours which may 
in d ica te  leve ls  a t  which marine regressions were evident (see Chapter
FIG 93; Diagram i l l u s t r a t i n g  a poss ib le  mechanism f o r  mixed water 
do lom i t iza t io n  w i th in  the Haute Normandie chalks.
(A) Palaeogoegraphic s e t t i n g  showing the p os i t ion  o f  Haute 
Normandie in r e l a t i o n  to  the Armorican Massi f and postula ted 
s h o r e l i ne ( S ) .
(B) Schematic sect ion (A to  B - see above) showing the 
poss ib le  f low  o f  " f reshwate r "  or  "brack ish water"  aqu i fers 
in to  the Haute Normandie region g iv ing  r i s e  to mixed water 
do lo m i t iz a t io n .  (Key: PFm: P ie r re -en -P or t  Formation,  SFm: 
Sennevi l le  Formation,  TFm: T i l l e u l  Formation,  SL: sea le v e l ,  
SF: s e a f lo o r ) .
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4) .  Presumably, the lowering o f  the Cretaceous sea level  resu l ted in 
a g reater  land area in  the region of  the B r i t t a n y  Massif  which enabled 
increased amounts o f  f resh water input  to take place. A hydrodynamic 
system is  proposed (Fig .  93) in which meteoric grodnd waters f lowed 
under a hyd ros ta t ic  head down dip away from the land area through 
nearshore marine sands and b io c la s t i c  l imestones passing in to  the 
porous Echinoderm Wackestone/Packstone and Grav i ty-Flow Chalk Facies 
o f  the Haute Normandie region. The interbeds of  semi-impermeable 
chalkstone may have helped conf in ing  the aqu i fe r  to these 
porous/permeable hor izons.
Furthermore, i f  dolomite seed c ry s ta ls  already ex is ted w i th in  the 
chalk matr ix  o f  the aqu i fe r  ( i . e .  do lom i t iza t ion  by so lu t ion  
cann iba l iza t ion )  then these may have acted as nucléat ion s i tes  f o r  
f u r t h e r  c rys ta l  enlargement dur ing a mixed water do lom i t iza t ion  
process. The net e f f e c t  o f  the do lom i t iza t ion  process may be one o f  
po ros i ty  increase (C h i l i nga r  e t  al 1979) which may have, in turn 
increased the f low rates.  The pattern o f  do lom i t iza t io n  w i th in  the 
Haute Normandie chalks is  therefo re  a func t ion  o f ;  (a) o r ig in a l
composit ion,  (b) permeab i l i ty  o f  the host rock and (c) the arrangement 
o f  fac ies  sequences. Evidence from the isotope analysis  o f  do lom it ic  
chalk and dolostones (Sect ions S . B . i i . ,  5 . E . Ü . )  f u r t h e r  support a 
f resh water in f luence .
The mixed water do lom i t iza t ion  model f o r  the Haute Normandie 
chalks maybe c lo s e ly  compared to the present day Cenozoic aqu i fe r  
systems and dolomite associat ions o f  the east F lo r ida  coast and 
Yucatan Pren insular  (e.g.  Kohout 1966, Vernon 1969, Hanshaw e t  al
1971). Kohout (1966) noted tha t  brackish and freshwaters passed 
seaward o f  the east F lo r ida  coast as ind ica ted  by a f resh water
discharge from a JOIDES p ro jec t  d r i l l  well  43 km east o f  Jacksonv i l le  
on the cont inenta l  she l f .  Choquette and Steinen (1980) have already 
proposed a s im i l a r  mixed water mechanism generat ing ancient
M iss iss ip ian  dolomites w i th in  the I l l o n o i s  Basin, U.S.A.. On a
smaller  scale,  many present day studies o f  meteoric aqu i fers and 
dolomites w i th in  emerged reefs (e.g.  Purser & Schroeder 1986) are 
"being explained in terms o f  mixing zones".
S .E . iv .  Model f o r  d ed o lo m i t i z a t ion :
The term "dedo lom i t iza t ion "  was f i r s t  introduced by Von Morolot  
(1848) to descr ibe a s p e c i f i c  c a lc i t i z a t i o n  process invo lv ing  the
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replacement o f  dolomite by c a l c i t e .  Many dedolomit ized l imestones 
have since been descr ibed occurr ing in a wide spectrum of surface to 
subsurface diagenet ic  environments (e.g.  Lucia 1961, Shearman e t  al 
1961, Goldberg 1967, Evamy 1967, M a t t i v e l l i  e t  al 1969, Chafetz 
1972, Wood & Armstrong 1975, Longman & Mench 1978, Margar i tz & 
Ka f r i  1981, Land & Prezbindoswski 1981, Back e t  al 1983). A near 
suface o r i g i n  f o r  the Haute Normandie sucrosic dedolomi t ic  chalks and 
dedolos tones is  envisaged in th is  study based on the fo l low ing  
arguments:
Experimental work car r ied  out by Yanat'eva (1955) and de Groot  
(1967) suggested tha t  the ideal chemical environment most sui ted f o r  
dedo lom i t iza t ion  requires the rapid f low of  so lu t ions  w i th  high Ca^^ 
/MgZ^ r a t i o s ,  low temperatures ( <50°C) and low PCO2 (<0.5
atmospheres). I t  i s  therefore in fe r red  tha t  the main d r iv ing
mechanism r e s u l t in g  in the generation o f  sucrosic dedolomit ic  chalks 
and dedolostones involved the extensive f lush ing  a c t i v i t y  o f  meteoric 
waters w i th in  surface and shal low subsurface environments.
The most c h a r a c te r i s t i c  feature  o f  sucrosic dedolomi t ic chalks 
and dedolostones is  the exact pseudomorphic replacement o f  dolomite by 
c a l c i t e  re ta in in g  the basic rhombic form and zonal r e l i c s  o f  the 
former c r y s ta l .  This suggests a d i r e c t  exchange o f  calcium fo r
magnesium from the surrounding calcium r i c h  pore waters producing the 
fo l low ing  reac t ion  def ined by Al-hashimi and Hemingway (1973 p .89):
Ca^ '*’ aq + Mg s o l i d  >Mg^"^ aq + Ca s o l id
C i r c u la t in g  meteor ic waters are therefo re  assumed to br ing in
Ca^^ ions from adjacent chalk beds w i th in  the recharge area and expel 1 
excess Mg^^ from the immediate "dedolomi t i z ing"  environment.
Evidence from luminoscope observat ions (e .g.  Plate 47B - 470) 
suggest tha t  dedo lomi t i za t ion  occurred dur ing several c a l c i t i z a t i o n  
episodes ra the r  than dur ing one event ( i . e .  b r ig h t  orange and du l l  red 
luminescence). This is  most l i k e l y  consider ing the time span of  the 
near surface environment which probably ex is ted since the ear ly  
T e r t ia r y  f o l low ing  u p l i f t  and exposure o f  the Upper Cretaceous,chalks 
(Schol le 1974). I t  is  therefo re  presumed tha t  the to ta l  replacement 
of  o r ig in a l  ferroar. dolomite probably occurred dur ing ea r ly  phases of  
dedo lom i t iza t ion  w i th  the ox id iz ing  a c t i v i t y  o f  the pore waters
producing hem at i te /geo th i te r e l i c s  w i th in  the dedolomite c ry s ta l s .  
In con t ras t ,  non-ferroan dolomite c rys ta ls  were probably mainly 
c a lc i t ized  dur ing l a t e r  phases of  dedo lom i t iza t ion ,  though not
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e n t i r e l y  replaced as shown by the local  occurrence o f  patches of  
sucrosic dolomites.
A f u r t h e r  fea ture  o f  ferroan dolomite undergoing dedo lomi t i za t ion  
w i th in  o x id iz in g  meteoric waters is  the product ion o f  excess calcium. 
This may be explained by the fo l low ing  chemical react ion ( c . f .  
Al-hashimi & Hemingway ■ 1973, p. 89):
4 [Ca(MgFe)(C0 3 )j ] + 2Hz 0  + &O2 -------->4Ca^"^ + 2MgZ+ + 6 CO3 + Fe  ^ O3 +
2 H; CO3
An increase in calcium w i th in  the immediate pore waters may
provide an add i t iona l  source f o r  ca v i ty  spars.
Further evidence f o r  th is  f resh water d r ive  dedo lomi t i za t ion  
mechanism is  shown by the absence of  dedolomit ic  chalks w i th in  core 
samples o f  dolomit ized chalk taken from the North Sea region (e.g.  
Byrd 1975, Hancock 1976, Scholle 1977, Jorgensen 1983). Whereas, 
onland exposures disp lay  extensive dedolomi t ic replacement o f  
do lom i t ic  chalks and dolostones, such as those descr ibed by Cayeaux 
(1916 & 1935) from the French chalks and Wolfe (1970) from the
Northern I r i s h  chalks.  However, i t  is  not  known to what ex tent
dedol o m i t i z a t io n  has occurred below the subsurface w i th in  Upper
Cretaceous chalks o f  the Paris Basin due to the absence o f  ava i lab le  
core data (Purser 1987, pers. comm.). I t  i s  poss ib le  t h a t  f resh 
water lenses may have migrated f o r  some considerable distance along 
porous hor izons re s u l t in g  in extensive subsurface dedo lom i t iza t ion .
The d i s s o lu t i o n  o f  sucrosic dedolomit ic  chalks producing porous 
dedolomi t ic chalks is considered to be a recent near surface 
weather ing phenomenon. This assumption is based on the close
comparison w i th  s im i l a r  porous dedolomit ic rock types descr ibed by 
Al-Hashimi and Hemingway (1973). Dedolomite d isso lu t ion  probably took 
place in pore waters w i th  depleted Ca/Mg ra t io s  and low pH. However, 
the l a t e r  development o f  composite c a l c i t e  rhombohedra by the local  
p r e c ip i t a t i o n  o f  c a l c i t e  w i th in  rhombohedral pores (e .g .  Plate 51C) 
ind ica tes  a post rhombohedral pore phase o f  supersaturated pore water 
so lu t ions  (wi th respect to CaCOg ) also occur r ing  in the near surface 
environment. This complex assoc ia t ion  o f  a l te rn a t in g
d i s s o lu t i o n / p r e c ip i t a t i o n  o f  c a l c i t e  is  also noted w i th in  c a v i t y  spars 
o f  sucrosic dedolostones (Plate 49B).
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6. CONCLUSIONS
A summary of  the conclusions ou t l ined  in t h i s  thes is  are l i s t e d
below:
1. The Haute Normandie chalks are d i v i s i b l e  in to  f i v e  main 
Formations w i th  some being f u r t h e r  subdivided in to  Members. 
Corre la t ion  is  f u r t h e r  achieved using prominent marker hor izons.
2. Twelve fac ies  charac ter ize the Haute Normandie chalks which 
r e f l e c t  s l i g h t  va r ia t ions  in environmental cond i t ions w i th in  the 
chalk sea.
Nannofossi l mudstones ind ica te  predominant ly pelagic 
sedimentat ion.  Inoceramid, bryozoan and echinoderm wackestones 
and packstones r e f l e c t  a general increase in bottom cur ren t  
a c t i v i t y  coupled w i th  lower rates o f  pe lagic  depos i t ion.  
Marly-chalks in d ica te  increased amounts o f  terr igenous sediment, 
some o f  which is  probably der ived from airborne vo lcan ic  a s h fa l l .
Nannofossi l chalkstones ar ise  from the Tn si tu ear ly  
cementation o f  nannofossi l  mudstone dur ing a general slowing or 
pause in pelagic sedimentat ion.  Echinoderm, bryozoan,
inoceramid and sponge chalkstones are ea r ly  cemented mudstones 
and wackestones dur ing periods o f  reduced- or non-deposi t ion 
commonly associated w i th  increased cur ren t  a c t i v i t y .  Erosion of  
var ious chalkstone fac ies gives r is e  to a v a r ie t y  of  
conglomerat ic chalks.
Resedimentation o f  both s o f t  chalks and chalkstones produces 
g r a v i t y - f l o w  chalks and occasional bryozoan wackestone-packstone 
t u rb id i  t e s .
3. Channels and scours are prominent features w i th in  the la te
Cretaceous chalks (Turonian-Santonian) o f  the Haute Normandie and 
central  .Engl ish Channel regions. Many scours and shal low
channels are s im i l a r  to present day she l f  sea erosional  furrows.
4. These channels and scours are def ined by: ( i )  Sharp erosional
d i s c o n t in u i t y  surfaces which t runcate under ly ing bedding. ( i i )  
I n d i s t i n c t  sedimentary omission surfaces which o v e r l i e  gradual 
l a t e r a l l y  th inn ing  convergent beds. ( i i i )  Thick sequences of  
l e n t i c u l a r  bedding which form the sedimentary i n f i l l .
5. M u l t ip le  phases o f  erosion and i n f i l l  w i th in  channels and 
scours produces a complex o f  over lapping bedforms and a wide 
v a r ie t y  o f  d i f f e r e n t  fac ies sequences.
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6. Interchannel -scour  r idges are o f ten developed by successive and 
over !ap ing phases o f  erosional  a c t i v i t y  occurr ing between two 
c lose ly  adjacent channel scour areas. These in terchannel -scour 
r idges also include the same s t ruc tu res  p rev ious ly  described as 
examples o f  chalk "bioherms" by Kennedy and Ju ignet (1974 - e.g. 
Figs 15, 16, 17, 18, 19, 20).
7. Echinoderm wackestones-packstones and bryozoan wackestones are 
the most common 'winnowed' sediment o f  channels and scours. 
Increased cur ren t  a c t i v i t y  also generated ea r ly  cementation of  
the sediment g iv ing  r ise  to var ious chalkstone fac ies .  Exposure 
o f  these l i t h i f i e d  sediments of ten produces eroded hardground 
surfaces and loca l i zed  deposits o f  cong lomera t ic -cha lks . Finer 
grained sediments (e.g.  nannofossi l  mudstones, bryozoan 
mudstones-wackestone) usua l ly  comprise the th ic k  l e n t i c u l a r  
bedding i n f i l l i n g  channels and scours.
8. Boulder-conglomerates,  slumped chalks,  mass-f low s o f t  chalks 
and f in in g -u p  t u r b i d i te bedding ( i . e .  bryozoan 
packstones-wackestone) ind ica te  episodes o f  al lothchonous 
sedimentation w i th in  some channel s t ruc tu res .
9. Combined t i d a l  and oceanic currents  resu l ted  in the erosion and 
development o f  channel and scour s t ruc tu res  along the chalk sea 
f l o o r .  This cur ren t  regime o r ig ina ted  in the p ro to -A t l a n t i c  and 
f lowed onto the cont inenta l  she l f  area o f  northwest Europe.
10. Local tec ton ic  highs and basin areas w i th in  the Haute Normandie
region are re f le c ted  in la te r a l  thickness va r ia t io ns  in 
format ions,  d i s t r i b u t i o n  o f  channel-scours and facies-sequences. 
Periods o f  increased erosion o f  the sea f l o o r  may also be
generated dur ing episodes o f  regional  regression.
11. Ear ly do lom i t iza t ion  is  conf ined to channel and scour
s t ruc tu res  being c lose ly  associated w i th  coarse grained sediments 
w i th  high i n i t i a l  po ros i ty  ( i . e .  echinoderm wackestones and 
packstones and g r a v i t y - f lo w  chalks) but may also replace
immediately adjacent f in e  grained chalks ( i . e .  nannofossi l  
mudstones). Do lom it iza t ion  o f  the chalk resu l ted from the
mixing o f  meteoric ( o r i g i n a t in g  from the American Massif ) and 
marine ground waters.
12. Extensive dedo lomi t i za t ion  o f  the chalks resu l ted from 
rec rys ta l  1iz a t io n  o f  the o r ig in a l  dolomite c ry s ta l s  during la te  
diagenesis w i th in  a near surface o x id iz ing  environment.
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APPENDICES
APPENDIX I: FIELD LOGS.
Field logs were taken at various localities along the coastal and River Seine 
sections (i.e. Figs. 3, 5, 11, 15 - Chapter 2). An aluminium light weight survey ladder 
enabled greater access to sheer cliff faces. A boat was used to reach certain coves and 
headlands cut off by the tide.
The following logs (in Figs. 95 - 120) show major marker horizons and sample 
collection points. The key to ornamentation used in the logs is shown below (i.e. Fig.
94). Vertical scale to all logs is given in metres.
Thick tabulate flint band 
Discontinuous tabulate flint band 
Sponge flints
Para moudra flints
large burrow flints 
Small burrow flints
Yellow to orange coloured chalk
SILICIFIED CHALK
DOLOMITIZED t  
DEDOLOMITIZED CHALK
B
BOULDER CONGLOMERATE
SLUMPED CHALK
with folded chalk beds.
flint bands and marly-chalk bands
GRAVITY-FLOW CHALKS
c
o C O .• c? o • o O O o '
Hardground 
MASSIVE CHALKSTONE
Hardground
NODULAR CHALKSTONE
Discontinuous hardground
Thin discontinuous nodular chalkstone
Nodular flaser chalk 
CONGLOMERATIC CHALK 
NODULAR CHALK 
Flaser chalk
Compressed burrows In marly-chalk
MARLY-CHALK 
Laminated chalk
White chalk with whisps of marl
Thalasslnoldes burrows 
WHITE CHALK
HARD CHALKS
SOFT CHALKS
FIG. 94: Key to ornamentation in the lithological sections.
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FIG. 95: Logs Tl(a), Tl(b) and T2(a) from southwest Tilleul Plage.
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T22M
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rT 2 2 K
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-T22E
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FIG. 96: Logs T2(b), T3(a) and T3(b) from southwest Tilleul Plage.
323
9
-T28
-SL2B
-SL2A
6-
5-"^'
3-
-7 2 6
-7 2 7
- 7 3 2
7^23
)TH1
0-
6‘
5- %
V '
' W
2 #
14
■5L1B
■SUE
-SLID
-SL1A
■sue
-7A0
■SL3D
-S L 3 A
■SL3C
•SL3B
SAMPLES
-7 3 5
-7 3 6
7 3 4
-733
-7 3 7
-7 3 8
-7 3 9
LOG T4D
SAMPLES
7-
6-
5"
4-
3-
2-
0-
1TH2
LOG T5
FIG. 97: Logs T4, T4D and T5 from northeast Tilleul Plage.
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FIG. 98; Logs T6, T7, TB and T9 from northeast Tilleul Plage.
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FIG. 99: Logs TIO, 111 and 112 from northeast Tilleul Plage. Log G1 from southwest
Plage de Golf.
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FIG. 100: Log G2 from the middle of Plage de Golf. Logs A1 and A2 from Plage d'Aval,
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FIG. 101: Log A3 from Plage d'Aval. Logs El and E2 from southwest Etretat Plage.
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FIG. 102; Loos E3, E4 and E5 from northeast Etretat Plage.
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FIG. 103: L o gs  E6, E7, E8, E9, ElO and Ell from northeast Etretat Plage.
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FIG. 104: Log E12 from Porte d'Amont, northeast Etretat Plage. Logs 81 and 82 from 8anc
à Cuves.
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FIG 105: Logs B3(a) and B3(b) from southwest Valleuse du Curé. Log B4 from the
Valleuse du Curé stair tunnel.
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FIG. 106: Log B5 from the top of the stair tunnel at Valleuse du Curé. Log 86 from the
headland southwest of Valleuse du Curé. Log 87 from northeast Valleuse du 
Curé.
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FIG. 107: Logs B8 and B9 from Fonds d'Etigue. Log VI from southwest Roche aux Anglais,
Vaucottes.
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FIG. 108: Logs V2 and V3 from Vaucottes Plage. Log V4 from Pointe du Chicard. Log V2 
from southwest Fécamp. Log Y1 from la Gavée Rouge, northeast Yport.
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APPENDIX II : PREPARATION OF SLABBED SAIfLES
The preparation of chalk slabs involved the following procedure:
1. The soft chalk samples were encased in Plaster of Paris to prevent any fracturing
or disintegration of samples which might occur during the grinding, sawing and 
polishing processes.
2. A surface was cut in most samples using an Abbwood surface grinder. Other samples 
were sawn using rotary wheel saws. The flattened surfaces were then polished by 
hand using fine corundum powder.
3. The slabbed samples were washed, dried and the polished surfaces sprayed evenly
with multipurpose light oil (i.e. 3 in 1 oil). This follows the "modified
Bushinsky oil technique" outlined by Bromley (1981). It was found by the present
author, that structures within oiled chalk samples were most visible between 1 and
5 minutes after the initial oil spraying. During this period, the oiled surfaces 
to the samples were photographed - the results of which are shown in Chapter 3 
(e.g. Plates 7B, 7F, 14G, 16C, 16G).
APPENDIX 111 : THIN SECTION ANALYSIS, POINT COLWTING AT® CLUSTER ANALYSIS
1. Thin section preparation: Over 300 oriented samples were cut and thin sectioned.
Special preparation was given to soft and fractured samples which were impregnated 
with epoxy-resin to prevent disintegration during the vigorous thin section making 
procedure. Thin sections intended only for light microscope examination were
mounted in Lakeside. Whereas highly polished thin sections for
cathodoluminescence were mounted in epoxy-resin. Light microscope slides were not 
covered with permanent cover slips, to allow for later staining of sections with 
alizerine red-S or potassium ferricyanide. Temporary cover slips mounted in
glycerol were applied to uncovered thin sections during microscope analysis and 
whilst taken photomicrographs.
2. Analysis: Various thin sections were photomicrographed to show compositional and
textural features. Further quantatitive compositional analysis of some 285 thin 
sections were carried out using the following classification for point counting and 
cluster analysis:
(a) Point counting: Ten groups of constituents within the thin sections were recorded
using the following groups : (i) echinoderms, (ii) bryozoans, (iii) molluscs, (iv)
sponges, (v) brachiopods, (vi) foraminifera, (vii) calcispheres/ miscellaneous 
microfossils, (viii) miscellaneous skeletal (e.g. serpulids, ostracodes), (ix) 
micrite, (x) dolomite/dedolomite rhombohedra or miscellaneous mineral grains (e.g. 
phosphate, glauconite, quartz).
The point counter stage was operated at a lateral and vertical movement interval 
of 0.5mm to ensure complete coverage of the thin section. To estimate the
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required number of point counts needed per section, a test run was carried out on 
one section recording readings from every 100 point counts (i.e. lig. 121). From 
this data it was estimated that a coverage of 600 point counts per slide would 
provide sufficient statistical accuracy.
(b) Cluster analysis: This was carried out on the point counting data from the six
main skeletal allochem groups - (i) echinoderms, (ii) bryozoans, (iii) molluscs,
(iv) sponges, (v) foraminifera/calcispheres, (vi) brachiopods. Multivariate 
cluster analysis was chosen using the program CLUSTR of Davis (1973 p.467). The 
program involves a weighted-group analysis of a similarity matrix, a clustering 
calculation and print out of a dendrogram (e.g. Fig. 28).
3. Results: The results of the point counting and cluster analysis are described in
Chapter 3 and illustrated in major sample logs (e.g. Figs. 31 to 39).
APPENDIX IV: S.E.M. ANALYSIS
S.E.M. stubs of chalk samples were prepared by chipping off small sample fragments and 
mounting them onto stubs using araldite. The stubs, plus sample fragments were placed 
into a dessicator for 48 hours to completely dry. The samples were then coated with 
gold using a Polaron E500 (Gold splutter coater) at 16 to 18 mA for 3 minutes. Carbon 
dag was also painted around the rims of stubs to ensure a good electrical contact between 
the sample chippings, stub and the S.E.M. Stage.
S.E.M. analysis was carried out using a JEOL (JSM-35C) operating at 15 and 25KV.
Charging sometimes occurred with very porous chalk samples which were incompletely coated 
with gold. S.E.M. analysis was also carried out on dolomitized and dedolomitized chalk 
samples (see Appendix IX) and insoluble residues (see Appendix VI).
APPENDIX V: COfOSITIONAL ANALYSIS OF DISINTEGRATED CHALK SA»fLES
Thirteen soft chalk samples (e.g. nannofossil mudstones, echinoderm wackestones, 
inoceramid wackestones and bryozoan wackestones) were selected to analyse the composition 
and preservation of the coarse skeletal material.
To obtain the coarse grade of skeletal allochems from these samples involved a 
laboratory technique devised by Surlyk (1972) whereby each sample is distintegrated by 
repeated heating and freezing in a saturated Glauber-salt solution. After total 
disintegration samples were washed over a 4 phi sieve and further wet-sieved into the
following fractions: > -2.0 phi, -1.0 to -2.0 phi, 0.0 to -1.0 phi, 1.0 to 0.0 phi,
2.0 to 1.0 phi and <3.0 phi. All size fractions were dried, weighed and the three 
coarsest fractions were picked to determine their constituent composition.
Microscopic analysis of the finest fractions (i.e. <0.5mm), however, showed that most
'grains' were composed of aggregates of different skeletal components or small fragments 
of non disintegrated chalk matrix. In addition, the individual grains making up the
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picked coarser fractions (i.e. >0.5mm) often displayed thin films of chalk matrix
attached to the outer walls or within cavities of the skeletal fragment. From these
observations it was decided, that a detailed quantatitive grain size analysis would be 
invalid due to the apparent incomplete disintegration of samples into separate skeletal 
components. The analysis of disintegrated chalk samples, therefore, concentrated on
determining the composition and preservation of the coarser material.
From the coarse skeletal material eight major benthonic groups were recorded: 
echinoderms, bryozoans, bivalves (e.g. Inoceramus), brachiopods, sponges, serpulids, 
benthonic foraminifera and ostracods. See Chapter 3 for further details.
Bryozoan material was separated into two main orders (i.e. 1. Cyclostomes and 2. 
Cheilostomes). The high diversity of the bryozoan material prompted a further
subdivision into three broad groups based on differences in zoarial forms (outlined by
Stach 1936, Brown 1952). These three zoarial forms included the following;
1. Vinculariiform: Rigid arborescent colonies with cylindrical branches.
2. Adeoniform: Rigid arborescent colonies with compressed flattened branches.
3. Membraniporiform : Colonies of both encrusting and unattached flat or curved 
plates.
Analysis of zoarial growth forms was carried out on the >-2.0 phi, -1.0 to -2.0 phi,
0.0 to -1.0 phi and 1.0 to 0.0 phi size fractions. Size fractions <0.1 phi produced too 
fine grained sediment with little or no preservation of individual bryozoan zooids and 
were therefore not included in the analysis. Sub sample aliquots were separated from 
the 0.0 to -1.0 phi (1 gram aliquot) and 1.0 to 0.0 phi (0.5 gram aliquot) fractions. 
These aliquots were then placed in sample trays for binocular microscopic examination and 
picking. Some bryozoan material was permanently mounted on microscope slides for
further identification and analysis.
Results : The results of the disintegrated chalk sample analysis are described in Chapter
3 (e.g. Plates 15B - 15E, 18F, 23A - 23B).
APPENDIX VI: INSOLUBLE RESIDUE AfWLYSIS OF CHALK SAKT_ES
Three main objectives of the insoluble residue analysis were to determine the following:
1. Total weight percent of insoluble residue.
2. Grain size of insoluble residue.
3. Composition of insoluble residue (X.R.D. and S.E.M. analysis)
Procedure : The carbonate fraction of most chalk samples was removed by dissolution in
10% HCL to determine the (i) total percent of insoluble residues and (ii) grain size
analysis. However, in the preparation of X-ray analysis of insoluble residues (e.g.
Jeans 1978) all carbonate samples were dissolved in 2N acetic acid (buffered to pH 3 with 
sodium acetate). This reduces the possibility of damage to the clay minerals during the 
dissolution process.
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1. Method to find total insoluble residue content: All samples were powdered in a
ball mill and dissolved in 10% HCL. The insoluble material was filtered onto a 
pre-weighted glass fibre filter in a Whatman 3-piece funnel (the grade of glass 
fibre being GF/F - the finest of all Whatman filters which has a particle retention 
of 8 microns). The filter together with the insoluble residue were dried,
reweighed and the total amount of residue content was calculated.
2. Method of grain size analysis: The grain size analysis follows the procedures
outlined by Allman & Lawrence (1972) and Carver (1971). All samples were dried 
and gently crushed into chips. Then dissolved in 5% HCL. Sand-sized insoluble 
residues were removed by washing the total insoluble residue through a 62 pm (4
phi) stainless steel sieve. Sand particles are dried and weighed. Silt and
clay-sized particles were separated by pipette analysis (e.g. Carver 1971) - this 
involved placing the remainder of the insoluble residue into a beaker (400 ml). 
200 ml of distilled water was added and left to fully settle. The supernatent
liquid was then removed and the procedure repeated several times until the 
insoluble residue achieved dispersion.
However, a further dispersal procedure was usually required due to the continued 
floculation between clay minerals. This involved using the dispersant "Calgon" 
(i.e. sodium hexametaphosphate) of which 10% "Calgon" solution was made up and 
added to the beaker. This follows Carvers (1971) calculation of D=WC where D is 
the dispersant (i.e. "Calgon"), W is the weight of sample and C is the estimated 
percentage of clay. Thus, for every gram of estimated clay 1ml of 10% "Calgon"
solution should be added. The main advantage of using "Calgon" over other
dispersants is that adding too much "Calgon" to the sample does not introduce a 
large error factor (i.e. "Calgon" has a very broad dispersal curve). In addition, 
it does not form an insoluble calcium precipitate if complexing Ca ions are in 
solutions, whereas other dispersal reagents have a tendency to do so.
The beaker, plus sample and "Calgon" solution were left to soak for 24 hours, 
then stirred with a magnetic stirrer for 1 to 5 minutes to ensure that the sample 
and solution were fully dispersed. Further dispersal procedure involved
centrifuge for 15 minutes (at 2500 rpm) and decanting the supernatent liquid as 
this can often contain substances that interfere with dispersal (Jeans 1985 pers. 
comm.). The "compacted insoluble" residue was then slurried with 200 ml distilled 
water and redispersed using the procedure above. Repeated dispersent procedures 
and centrifuge eventually resulted in total defloculation of all samples.
Defloculated samples were then placed into 1000ml measuring cylinders and 
distilled water added up to the 1000ml mark. The sample and solution were
thoroughly stirred to obtain an even distribution throughout the cylinder. The 
cylinder (plus mixed sample) was placed into a preheated water bath and securely
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clamped to prevent movement during the experiment. The temperature of the water 
bath was kept constant throughout the experiment. At certain time intervals, 10ml 
of the sample, representing the silt and clay fractions (see Carver 1971), was 
pipetted from the cylinder and collected into a pre-weighted beaker. This beaker, 
plus 10ml sub sample was placed into an oven at 40°C. When the sub sample dried 
it was removed from the oven and le^t in the laboratory for approximately 1 hour so
that the clays absorbed the average atmospheric humidity (Folk 1966).
The beaker plus the dried sub sample were weighed. The weight of the 
dispersant in the subsample is calculated using the following formula :
D* =(Mole weight of dispersant) X (Mole of dispersant in 1000 ml)
100
D*= Dispersant (i.e. "Calgon")
The weight of the dispersant was subtracted to give the true weight of the silt and 
clay fractions within the insoluble residues in the sub sample. Then the true 
weight of the silt and clay fraction of the insoluble residues within the whole
sample (i.e. within 1000ml cylinder) was calculated by multiplying by 100.
3. Compositional analysis of insoluble residues:
(a) X.R.D.: Samples were prepared by dissolving the carbonate with 2N acetic acid
instead of HCL (see above). After defloculation with dispersant (see above) the 
samples were pipetted (50ml) for the <2pm insoluble residue fraction. Buffered 
Dithionite Citrate solutions (Mehra & Jackson 1960) were added to remove free iron 
and aluminium. The solutions were left to settle and then the supernatant liquids 
decanted. Magnesium chloride was then added to floculate the clays (see Croudace 
& Robinson 1983) and the mixtures were centrifuged for 15 minutes at 2,500 rpm. 
The supernatant liquids were decanted and the compacted clays slurried with 15ml of 
distilled water and recentrifuged. The samples were diluted with distilled water 
and centrifuged several more times to ensure that all excess magnesium ions were 
removed. The resultant floculated clays were then smeared onto glass slides using 
a piece of flexible perspex fixed to a stage (apparatus kindly provided by Kingston 
Polytechnic). A "multismear method" of clay smears were applied to each glass
slide following the procedure described by Croudace and Robinson (1983).
For each sample four smear slides were prepared for X.R.D. analysis. Each 
slide was dried in a dessicator over a solution of saturated calcium nitrate, 
producing a vapour pressure of 50% (see Jeans 1978-). One slide was removed for 
glycol treatment for 48 hours (see Christensen et al 1973). The process of 
glycerolation causes minerals containing swelling interlayers to expand. Two 
slides were removed and heated within a furnace for two hours, one at 440°C and the 
other at 55Q°C. The last slide was left untreated.
All slides were then X-rayed within a Seimens Kristalloflex 810 X-ray
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diffractometer using Ca-K alpha radiation at 35 KV and 20 mA. The equipment was 
set at a scan speed of i degree 2 theta per minute using slits at i and 0.05 
degrees. The chart drive was run at 1 cm per minute and a time constant of 4
seconds.
(b) S.E.M.: The sand-sized fractions of the insoluble residues (see grain size
analysis) were further analysed by scanning electron microscopy \using a Jeol 
(JSM-35C) operating at 25KV. Samples were prepared for S.E.M. examination by
mounting on small stubs with "double-sided Sellotape" and coated in gold.
4. Results: A summary of the results of the insoluble analysis are described in
Chapter 3 and illustrated in figures 45 to 51.
APPENDIX VII: DRAFTING OF CLIFF SECTIONS-
Both colour and black-and-white photographs were taken along continuous cliff sections 
or of selected exposures within the Haute Normandie region. A continuous profile of 
coastal cliff exposure was photographed (i.e. 200 photographs) from Bruneval to Fecamp. 
Most of the Bruneval to northeast Étretat section was photographed from a motor boat due 
to the limited accessibility along the shore line during high and low tides.
Rough drafts of the cliff outline were compiled from A4 sized prints of each photograph 
and provided basic field plans of the whole cliff section. In the field, data was added 
to these sketch sections from a more detailed examination of the cliff face using high 
power binoculars. Data was also added from field logs and this enabled correlation of 
important marker horizons along section. A second draft of the cliff section was carried
out combining both photographic and field details.
Small-scale sketch cliff sections are shown in figures 122 to 127 - Continuous and 
broken lines represent prominent flint bands and stippled lines major chalkstone
horizons. Squares indicate the location of figures and plates illustrated in Chapter 4. 
Scale bars are given in metres (M).
Large-scale sketch cliff sections of selected cliff exposures are shown in figures 128
to 141. Dashed lines represent major flint bands, stippled lines major chalkstone 
horizons, wavy lines (m) major marly-chalk bands and cross hatched areas major
dolomite/dedolomite horizons. Key: Fault (F), boulder- conglomerate (BC) and
slumped-chalk (SC). All scale bars are in metres (M).
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FIG. 130: Cliff sketch sections of Pointe de la Courtine (g.r: 2,392-55,223). Section A
to B is the view looking northeast and Section B to C is the view looking 
southwest.
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APPENDIX Vlll: SEISMIC TRACES
A wide data base was available for this project. This included continuous shallow 
seismic surveys (i.e. Sparker), solid bed geology maps (1: 250, 000) and various well log 
data. These were kindly provided for by the B.C.S. and University College, London.
The shallow seismic data which proved to be of most use in this project consisted of
four main surveys over the central English Channel region (see Figs 69, 70, 71'- see 
Chapter A). These included three surveys carried out by R.R.S. John Murray : 1) November 
12, 1968. 2) January 21 to 22, 1973. 3) January 22 to 23, 1973. Plus one survey from
R.R.S. Challenger (January 20, 1978). In addition, a shallow seimic survey was also
studied from the California Sea area of the southern North Sea (Fig. 708).
The quality of imaging from the earlier siesmic surveys (i.e. 1968 and 1973) is 
usually not very clear due to poor penetration and interference in the section caused by 
multiples. Greater resolution of reflectors were recorded by later surveys from the 
north central English Channnel region (R.R.S. Challenger) and southern North Sea (B.C.S. 
survey). For the 1968 and 1973 surveys, 10 millisecond time intervals were generated by 
the Sparker equipment (e.g. Fig 71A). In later surveys 100 millisecond time intervals 
were used (e.g. Fig 70). Velocity readings for the Chalk range from 2.5 km/sec (for the 
top of the Chalk) to 3.5 km/sec for the base. These velocity readings were recorded by 
the B.C.S. (Dr Hamblin, pers. comm. 1987) from direct borehole in the North Sea and 
Western Approaches.
Solid geology maps (1: 250,000) showing complete coverage of the English Channel were 
used for correlating seismic terminations at the seabed. In addition, seismics were 
calibrated with borehole samples carried out by both the B.C.S. and U.C.L. (see Figs 70, 
71). The known surface geology and regional dip of strata were therefore used to provide 
stratigraphie identification of important reflectors. Accurate overlays of the plotted 
course of seismic surveys onto solid base geology maps helped locate the exact position
of certain profiles (see Fig. 69).
APPENDIX IX: ANALYSIS OF DOLOMITIZED AMD DEDOLOMITIZED CHALK SAMPLES
Preparation: Over a 100 samples of dolomitized and dedolomitized chalks were
collected and thin sectioned. Some sections were stained (e.g. potassium ferricyanide) 
and selected samples were prepared for cathodoluminescence (CL). Some samples were 
slabbed and polished. Other samples were prepared for X-ray diffraction (X.R.O.),
stable isotope analysis, scanning electron microscope (S.E.M.) and microprobe.
1. X.R.O. analysis: Preparation of samples for X.R.O. involved grinding samples into
a find powder producing grains with the approximate grain size ranging from 5 to 50 
microns. Powdered samples were mounted in glass slide holders and X-rayed using a 
Siemens Kristallaflex 810 X-ray diffractometer. X.R.O. was operated at 35KV and 
20mA with Cu K alpha radiation. The scan speed was run at 2 theta per minute,
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chart drive at 1 cm per minute and the time constant at 2 seconds.
The peak area weight method was calculated from the X.R.O. traces to determine 
the percent of dolomite and calcite.
2. S.E.M. and Microprobe: Twenty samples of dolomitized and dedolomitized chalk were
prepared from small shippings which were orientated and mounted on S.E.M. stubs. 
The sample shippings were coated in gold for 3 minutes at 16 to 18 mA with a 
Polaron E5000 (Gold splutter coater). Scanning electron microscope analysis 
(S.E.M.) was carried out with a Jeol (JSM-35C) operating at 25 kV.
Samples were also prepared for microprobe analysis by encasing small shippings 
of samples in polyester resin. The surfaces of samples were polished and carbon 
coated using a Nanotech high vacuum carbon coater. The electron microprobe was 
operated at 15 kV.
The following table shows an example of the. composition (determined by 
microprbe) from a dolostone sample (i.e. sample TAO, Log T40):
L TAO (Log TAD) PROBED AREA COMPOSITION
Probe 1 chalk matrix c^ ioo
Probe 2 dolomite rhomb A "843
Probe 3 dolomite rhomb B M94a
Probe A dolomite rhomb C "844
Probe 5 dolomite rhomb 0 (outer zone) Cajj MS45
Probe 6 dolomite rhomb D (inner core) Caj, Mg„
Probe 7 dolomite rhomb E (outer zone) Casa "944
Probe 8 dolomite rhomb E (inner core) Casa Mg 44
Probe 9 dolomite rhomb F (inner zone) Cajj M945
Probe 10 dolomite rhomb F (outer zone)
C^57 "943
Probe 11 dolomite rhomb F (inner core) Casa "944
3. Stable isotope analysis: Oxygen and carbon stable isotope analyses were carried
out on 17 samples at the N.E.R.C. stable isotope facility at Grays Inn Laboratory 
by Dr B. Spiro (N.E.R.C. application number 103/0386). Initial preparation of 21 
samples involved grinding 10 mg of each sample into a fine powder. These
microsamples were reacted with 100% phosphoric acid following a method similar to
McCrea (1950). The evolved CO^ was purified and collected for mass spectrometric 
analysis on a 903 V.G. Micromass Mass Spectrometer. The raw data was corrected 
using the methods of Craig (1957) and Oeines (1970). The results are expressed in 
the 6 notation as deviation from the FOB standard and are reproductive to 0.02%,.
Seventeen of the twenty-one samples prepared for isotope analysis were run and
the data collected (see Fig. 87).
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